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Important

The Chemical Hazards Response Information System (CHRIS) has been
developed to provide timely information essential for proper decision
making by responsible, trained Coast Guard personnel during emergencies
involving the water transport of hazardous chemicals. It has now been
made available to the public in its entirety. ilowever, this is only
one of several tools which should be used in evaluating chemical
hazards, It is not, and is not intended to be, infallible. All p
attempts should be made to reference other sources of information
in addition to this manual.

The information in this manual is subject to change.
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HOW TO USE THE RESPONSE METHODS HANDBOOK

In an Emergency

(The sequence of the following steps may be altered depending
upon the magnitude of the incident and urgency of response)

* Confirm the identity of the chemical

* Determine that immediate responses, including rescue, notifica-
tion, and precautionary measures have been taken at the scene of
the incident-see the Condensed Guide to Chemical Hazards

* Develop on-scene information needed for further assessment and
response including location, amount of chemical involved,
weather, tides and currents and traffic - see the Hazard Assess-
ment Handbook for Information Needs

* Refer to the Hazardous Chemical Data Manual for more detailed
information on the chemical

* Assess the extent of the hazard presented using the Hazard Assess-
ment Handbook

" Refer to Regional Contingency Plan Data Base for location of
populated areas, facilities and property that may be threatened

* Use this Handbook

- select potential response methods using Response Index,
Table 4-I

- evaluate applicability of potential response methods based on
the conditions that prevail and availability of resources

- carry out applicable cautionary responses

- carry out applicable corrective responses

Chanrp 3
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1.0 THE CHEMICAL HAZARDS RESPONSE INFORMATION SYSTEM

(CHRIS)t
1.1 PURPOSE AND SCOPE

The Chemical Hazards Response Information System (CHRIS) is designed to

provide timely information essential for proper decision-making by responsible

Coast Guard personnel and others during emergencies involving the water trans-

port of hazardous chemicals. A secondary purpose is the provision of certain basic

non-emergency-related information to supnort the Coast Guard in its efforts to

achieve improved levels of safety in the bulk shipment of hazardous chemicals.

CHRIS consists of four reference guides or manuals. a regional contingency plan.

and a hazard-:,ssessment computer system (HACS), The four manuals contain

chemical data, hazard-assessment methods, and response guides. Regional data are

included in the Coastal Regional Contingency Plans. Elements of the Coast Guard

headquarters staff operate the hazard-assessment computer system and provide

technical assistance on request by field personnel during emergencies. In addition.

they are responsible for periodic update and maintenance of CHRIS

A brief description of each component of CHRIS and its relation to

manual - the Response Method Handbook - is provided below.-,

1.2 A CONDENSED GUIDE TO CHEMICAL HAZARDS

The Condensed Guide to Chemical Hazards, contains tnfurin.-tion to facili-

tate "'early response decisions" during emergency situations. It is a compact. con-

venient source of chemical-related information with specific reference to bulk-

shipped hazardous chemicals. The guide is intended primarily for LIse by' port

security personnel and others who may be the first to arrive at the site of an inci-

dent and need readily available, easily understood. descriptive information about

the hazardous nature of the chemical and the situation confronted. It will assist

those Icrsonn ci quickly determining proper. responsible actions that must be

taken immediately to safeguard life and property and to reduce, insofar as pos,,sil-

hbit. further contamination of the environment. The guide contains precaution-,e
ary advice on the chemical and its characteristic physical and biological hazards so

that field personnel can assess the threat as a prerequisite to determining sub-

seqLient large-scale action.

1.3 HAZARDOUS CHEMICAL DATA

The I lazardous C'hemical Data Manual is intended for use primarily by tile

on-,,cene C oordinator's (OSC) office and the Regional and National Response

(enters. It contains detailed, largely Clunantitative chemical. physical. and biolo-

gical data necessary for form ulating, evaluating. and carrying out response plan.

Change 3
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1.4 HAZARD-ASSESSMENT HANDBOOK

Tile Hazard-Assessment tlandbook contains methods of estimating the rate
and quantity of hazardous chemicals that may be released under different situa-
tions. It also provides the means of predicting the threat that the chemicals

present after release. It includes methods for predicting the resulting potential

toxic, fire, and explosion effects by providing procedures for estimating the con-

centration of hazardous chemicals (both in water and in air) as a function of time

and distance from the spill.

1.5 RESPONSE METHODS HANDBOOK

This manual, the Response Methods Handbook, is a compendium of des-

criptive information and technical data pertaining to methods of responding to

threatened or actual spills of hazardous chemicals. Its general content is described
on the next page.

1.6 DATA BASE FOR REGIONAL CONTINGENCY PLAN

The information in this data base is predominantly for use by OSC personnel.
It contains data pertinent to a specific region, subregion, or locale. It will provide

detailed information on resources that might be threatened and the availability of
response equipment. Examples of such information include an inventory of
physical resources and personnel: vulnerable or exposed resources (critical water-
use areas): potential pollution sources: geographical and environmental features:
cooperating organizations; and recognized experts with identified skills. A good

deal of this regional-specific information is in the form of Regional Contingency
Plans and can be particularly important in the use of this manual, the Response
Methods Handbook.

1.7 HAZARD-ASSESSMENT COMPUTER SYSTEM (HACS)

The Hazard-Assessment Computer System (IIACS) is the computerized

counterpart of the Iiazard-Assessment Handbook and enables specialists utili-

zing the computer at Coast Guard Headquarters to obtain very detailed hazard
evaluations quickly whei. requested by OSC personnel.

Chan- 3 



2.0 GENERAL CONTENT OF THE RESPONSE METHODS HANDBOOK

ZT1is mnual of the ('hclical I lazard Response Information System (I IRIS)
has been developed to present current information and assist on-scene coordina-
tors (OSC) on techniquLies, equipment. and systems that are available to combat
and minimize the damage that can be expected when a hazardous chemical is
discharged into navigable waters.

The handbook describes the content and use of CHRIS and discusses the
causes of accidental discharges of hazardous chemicals. It provides a quick
reference guide to the selection of response methods and describes these methods
in detail. The handbook is also complemented by an appendix containing a review
of the state-of-the-art response equipment and systems and a comprehensive
catalogue of response eqtutipment.' ,

In this handbook response methods are divided into two categories: caution-
ary and corrective. Cautionary responses. which should be promptly applied to
preserve human and animal life, include restricting entry into the area affected by
the discharge and use of the water polluted by the discharge. as well as evacuation
of threatened areas. Corrective responses include methods of stopping or reducing
a further discharge of' the chemical, containment procedures, and methods of
collection, recovery, and treatment. Methods of cleaning an affected shoreline and
treatment of an exposed waterfront are also described.

The U.S. Coast (;uard expects to continually expand acilities and equip-
ment available for response to a hazardous chemical incident. It is important,
however, that all U.S. Coast Guard personnel become familiar with the types and
use of existing response equipment. so that any individual can be pressed into
responsc service in the event of a hazardous chemical incident that threatens life
and property. In most hazardous chemical incidents Coast (;uard personnel will
be responsible for directing and coordinating the response action of various
governmental agencies. private industry, and contractual cleanup agencies. At the
time of an i ncident, it is not appropriate that an individual attempt to gain
response knowledge while a response is under way. The objective of this manual,
therefore, is to guide Coast Guard and other personnel (in advance of a chemical
discharge) in the action necessary to control the situation and to minimize loss of
life and environmental damage.

Should USCG personnel develop or obtain information on new pollution response equipment,
they are to forward the information to the Commandant (G-WEP).

2-1
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3.0 CAUSES OF HAZARDOUS CHEMICAL DISCHARGES

There are two types of' hazardous chemical discharges into navigablc
waters accidental and intentional. Each is described below.

.Accideiital (7tcmical Discharges Chemical incidents occur
accidentally when chemicals are transported, transferred, stored,
and processed in bulk quantity. Some of the major problems are
discussed in Sections 3.1 through 3.4. CHRIS was developed to
respond to such accidental discharges.

• Intentional Discharges - The sources of such discharges are
numerous; however, they predominantly originate in industrial
facilities which, with governmental permission. discharge pre-
treated effluents through an outfall or a series of outfalls into a
public waterway. Polluting discharges can also occur when waste
oil and other materials are intentionally discharged into an avail-
able storm drain from which it rapidly enters a public watercourse.
A study conducted for and within one state revealed that as much
as 1,800,000 gallons of waste oil are unaccountably disposed of
annually. On this basis a "major" intentional polluting discharge
has been a common, oftea nightly, occurrence in our major cities.
Where specific problems resulting from intentional discharges
require action, the cautionary or corrective response methods
cited in this handbook may be applied when appropriate.

3.1 HAZARDOUS CHEMICAL TRANSPORTATION PROBLEMS

The economics of bulk chemical transportation are such that as much
material as practical must be transported at one time, or that a variety of
chemicals must be transported in separate compartments of a single vessel to
obtain a full-cargo condition. The draft of marine transportation craft is con-
tinually increasing, while channel depth conditions remain largely static due to
bedrock or rock outcropping conditions that are now evident in most U.S. coastal
and internal navigable channels. Groundings, beachings, and bottom impacts with
rock outcroppings are becoming frequent occurrences. Fortunately, such inci-
dents do not always result in the release of a chemical discharge, although USCG
accident statistics indicate that chemical incidents do, on a regular basis, occur
from bottom impacts. Efforts are under way to decrease such incidents by stricter
regulatory requirements and improved vessel design and construction.

The federal re(luirements (('FR-31.10-20) for underwater hull examination
of barges currently (with specified exceptions prior to July 1, 1975) specify the
following drydocking frequency:

3-1



" Steel iuiil tank %L-VuI' l,

* \t intenAk11, lot to e\kLed 24 illl!h,, if operated in sall tALer
an a.r el'aIV Of ore thIan 12 month, in a -a24-lonth period.

.\t intcrvAI not to .x\.ced 3 ionths if operated in salt wAter
less than an at!regate' 0 1 mnth, in) an I 2-111onth period.

* I" tank vessel operates in salt water an agrg.'ga t of' more than

6 months in any I 2-month period, it shall he drydock.d r

ha uled ot within 12 months of the end of such I '2-month

period or within 36 months of its last drydocking or ha uling

out. wh iChever cOUILes first.

* If tank barges that operate iii salt water all aggregate of less
than I month in any 12-month period, the previOLs two
requirements shall be me1t e\cept that under same circ nn-
stalces internal inspections nay be accepted.

* Wood hull tank v essels

* At intervals not to ex,:ceed 48 months.

Unless the barge owner voluntarily drydocks and inspects his vessel more Ire-
quently, underwater hull damage or deterioration might go undetected for several
years. or at least until cargo leakage occurs.

Railroad tank car derailing, pumping, and collisions can also result in the
release of chemical cargoes while in transit. Such incidents frequently terminate
with the release of chemicals into public waterways. Tank car overfills due to
operator inattention and the lack of high liquid-level audible alarms represent

other causes of chemical incidents.

Automotive tank trucks involved in collisons and chemical overfills have

contributed to chemical incidents. In many cases, such instances result in the
escape of the chemical discharge into public waterways. Marine chemical incidents
have also taken place when tank truck operators have pulled away from their

loading platforms before disconnecting their fill line. The resulting pipeline

damage releases the liquid, under transfer, until the master flow control valve on
the bulk storage tank can be manually closed.

3.2 HAZARDOUS CHEMICAL TRANSFER PROBLEMS

A large percentage of the reported chemical discharges is related to transfer
systems between vessels and at terminals. A common mode of accidental dis-

charge is the failure of flexible hose lines. Considerable amounts of the chemical

3-2



being rinslerred Inlt be discharged betore [li. l]0)w call be sht ollf. III lllally
cases. Ilili;tll illaster control Iihes are hoc.Ctd re'iirlcV r(0111 the loading
triloadi1g dock ',o that coIRideraliC 1Cme may elapsCe beIore the discharge can be
stopped. Also trans'Cr is often conducted with tie deck of' lie pier or whart at a
nMuch higher eleation t1ian the loading unloading vesTsl. This requireLs the harge-
crew to ascend dock ladders and traxel soine distance to alert the terminal
person nel.

Ifloselines should be hvdrostatically tested periodically. Failure to replace
and remove damaged or worn hose lines frour the dock area can result in the use
of detective systens with a subsequent likelihood of' significant discharges of
ha/ardous chemicals into the water body.

Another cause of accidental discharge is the failure to secure dockside
transter puiin p controls, either by locking the control box or removing a fuse.
resulting in an inadvcrtent pump activation when transfer lines have not been

Made ip. Similarly. failure to lock and secure the terminal valve wheels at
dockside has been a repeated cause of chemical incidents.

Accidental discharges are also caSed hy unintentional overfilling of marine
storage comipartmien ts. rii,. more often than not. resnIts from a mincalculation of
capacity and or the inattention of' the operating personnel either ashore or
afloat. The use of audible. high liquid-level alarms and autolatic pum1np shut-off
controls can greatly reduce such incidents: however many facilities are still
operated without them.

Other contributing causes of discharges iivolve failure to blank the terminal
flange of transfer pipelines and lailure to use and empty drip containers which
should be positioned utrider pipeline connections.

I)ischarges during transfer are often aggravated by a lack of communication
between the crew of the transferring vessel and the terminal dockmai. Also. lack
of conimniunication between a tanker or barge deck and engine rolom crew. and

quite frequently the terminal personnel, has resIlted in pump activation before
the transfer maniitold and rose line connection has beell ftlly made.

3.3 HAZARDOUS CHEMICAL BULK STORAGE PROBLEMS

(hemical discharges of considerable magnitude have occurred with the
complete lailure of bulk chemical storage tanks. Chemicals are stored i all types
of containers. incl uding wooden vats. Very few containers are subjected to regular
integrity testing. and only a few are protected by a diked enclosure or secondary
means of containment. Faulty design anid rnanlfacture, inferior welding, and
foundation failures have resulted ill the release of the entire contents of some
bulk storage tanks, even when new. Older tanks have failed from chemical
reaction arid internal corrosion either localized or in tire form of scattered rust

3-3
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pit s. lie undetected deterioration and ultimnatC failure of partially and com-

pletely buried storage tanks also develops tle potential fOr the accidental release
of' stored dhemicalk.

Most c,.hemical discharges. such as lank overfill aind( overflow, occur. however.
becalse of humlalln tailu re. Ilattention or failuire to close a water draw valve when

draining off bottom condensation trot a hulk storage tank has also caused
chemIIcal incident,,. When there is a complete lack of a secondary leans of
cotntailnient. such as an cartlien-diked enclosure.' or a concrete retainig wall. the
oxertill or drained release can enter the nearest watercourse. Even when a

secondary leans of containmient is provided, entry of the chenmical into a
waterway has occurred be a e of the f'ailure of plant personnel to close and
secure rainwater drainage valves. In most cases. these are provided as manually
operated devices which control the drainage that passes through the dike or
retaining wall.

Chemical incidents have also occurred due to lax plant security, lack of
complete security fencing. and failure to lock or otherwise secure the master flow
control valve on bulk storage tanks. 1In such cases. andalism has often been

defined as tile cause of chem ical discharges.

3.4 HAZARDOUS CHEMICAL PROCESSING PROBLEMS

Cnce a hazardous chemical is in production, a numb er of potential acci-
dental discharge situations develop. The most frequent situation involves froth
and boilover of the chemicals in a process reactor or container. Such discharges
tend to cascade down the process vessel into floor drains. many of which lead

directly into an outfall which empties into a waterway.

Production pipeline failures are comnion: such lines interconnect process
vessels and storage and are frequently exposed to physical impact from moving
vehicles, and thermal shock from chemicals under process at both high and low

temperatures. Chenical materials also escape f'rom pipelines resting on wooden or
poorly constricted pipeline supports. In such cases the supports deteriorate and
the pipeline becomes stressed and ultimately fails.

Shock loading of in-plant production lines has also contributed to line failure
and liquid release. Such incidents occur in long runs of pipeline when the storage
tank flow control valve is opened too quickly, permitting a slug of chemical
material to run through the line to impact and fracture the next closed valve in
the lin,-

Buried pipelines. many of which are 30 or more years old. have had
undetected leaks for lengthy periods. Some plants protect these buried pipelines

3-4



with s crificial cathodic SVStcl.S to protect the cxterior mctil frolm corrosion. in

others the pipelines arc run in c\lposcd trc'nIchC that permit frcqucnt cxalina-

tion. [Unfiortunately. ma ny arc huriCd and rcccivc littlc care.
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4.0 SELECTION OF RESPONSE METHOD

To Select Response Methods

* Identify the chemical by name

* Use Response Index (Table 4-1) to determine applicable caution-

ary and corrective responses (as explained below)

* Review special precautions reference numbers listed in last col-

umn of Response Index refer to precautions - cited on last page

of the Index

* For quick reference to downwind travel of hazardous gases or va-

pors, see Table 5-1 and 5-2, pages 5-4 through 5-6.

(Brief descriptions of response methods are presented immediately
following the Response Index, Table 4-1)

4.1 CAUTIONARY AND CORRECTIVE RESPONSE INDEX (TABLE 4-1)

The purpose of the Cautionary and Corrective Response Index (Table 4-1) is

to help the OSC, or his staff, to select an appropriate response for each of the chem-

icals contained in the CHRIS. It is impossible, however, to establish hard and

fast rules for response actions since the terrain, water conditions, and even blend-
ing of one or more chemical materials can quickly change the situation to require
the application of a combination of response actions. On this basis, the Index

serves only as a guide and the appropriate applied response action for a given situ-

ation remains the direct responsibility of the OSC.

Response actions are divided into two groups:

I) Cautionary Response

Of prime importance is the preservation of human life and health followed

by the minimization of property damage and the protection of the natural envi-

ronment. Cautionary response actions, when applicable, should receive immediate

attention and action. Once the name of the discharged chemical is known, it

should be located in the first column of the Index. In the first six columns to the

right of the name of the chemical, one or more 'X's" or "?'s" will appear. The

"X's" designate cautionary response actions that should be promptly introduced.

if warranted by the amount of chemical discharged. The "'?'s" indicate that the

response may or may not be appropriate, depending upon the circumstances of

the ,pill and the characteristics of the chemical, and that t he I lazardous Chemical

)ata Manual should be accessed for further information.
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In brackets under the title for each response action are listed Response Man-
ual pae,, that pros ide a detailed description of the selected response action. A se-
rie,, of key reference numbers are also provided in the index for additional infor-
tlationa[ purposes. These nu mbers range from I to 22 and provide pertinent data
oil tile chemical with regard to personal protection and the effects generated by
the chemical following release. Lists of definitions of responses and key reference

nlumbers follow Fable 4-1.

o ) Corrective Response

To select a corrective response action the name of the chemical is first loca-
ted in the Index. Wherever an "X" appears in a corrective response column, the
defined action should be given consideration as a means of containing or other-
wise controlling the polluting discharge. Wherever a "'" appears. the lazardous
Chemoical l)ata Manual should be accessed to determine the conditions under
which the response may or may not be appropriate. (Question marks indicate that
there is some unusual flammability or toxicity hazard associated with the chemi-
cal. or that its behavior upon release is sensitive to, and therefore dependent
upon. environmental conditions.) As with cautionary response selection, the page
number given under the suggested corrective response action refers the user to
the manual page that provides details on the selected action. The numbers in the
reference key column again define personal protection and the effects generated
by the spilled chemical.
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5.0 CAUTIONARY RESPONSE METHODS

To Apply Ceutionary Response

he S'Ir 1l1,1( lita/aI4I4)H5 I)dilc andL fICtkI5 I'L irst aIiL arc

S( "ILeu C\1)osCd or 1l1rcAtClLI) pcrsonncl andI take appropriate
,ilti~lfl to l)rCCiit JL~t'11 ntro auctting, worse

Ii i.]sict l)iCablc resp1Onse 111kth10ds Usingt RCesponsc Inldex

(Ilable -1 )

I /Irb 1jppl\ Canltjonarx rcps ILtill/C ( I IRIS. anfd tilc ReCion1al
( onI iucnevPklnI)talacwlir lcb

* l-cr volatie dc~ieials.

refcr to Tablcs, 5-I ind 5-2 to dtetrmine tile mnaxium
di1st ances over which thc lia/ardIonS 'a-SCS max be harmflul. RelIcr

t Tablc 5-1 For time of' arrival and du rat ion of, ha tin lul gas
elotIds.

* S mall or Slowx sc~.c

ilvcalt ionarv responses to imOmeL!id tc a rc.) xv itIi in sev-
!I'Zll hlrd( I'Cct or- awax from movcmcnt of' tile chcmicAl in 4

tile water

* 1.g aroSC dIclarLTCS OCen lrrintml qi iklv

apply, cautionary, rcesponses Lover large distances. Vor gases this
,erlc'rAIN, has to be dione bcfore tilc xapors r-cac ci gieli'c a rea
(cc I larm ful D )istatce Tables 5-1 an LI 5-2. and their descrip-

10onS, an1d tilic I la/.rdl AsseSco 1]lt I llIbook)

* Rcstrict acccss andI cvaeuatc

-downxvino for volatile chemryicals that arc cithcr I'lainmablc
or toxic

dIow nstream or in) path of ox' 1101e flud iI'01r chemil' 11hat
f'loa I or mix xwith xvater

* Restrict i,.iiit ion

doxwnwind~ for flaml)mablc u ases

L0oAnstrcaml or' inl path of' moving fflid forn la1mmable
eheni icalls thatl float

* RLSI ridC water use

downsl team or in pah o' l movin luil t iaid f rt I clieCMli-
11s1 tha foat or nlix with watcr

5-I Ciaflcre 3



Checklist of Agencies to be Contacted,
Depending upon Requirements of Cautionary Response

* Applicable Coast Guard UnlitS ('OIIP lDistric t I lead( uart ers. Search anrd
Rescue. Strike Teanl. USCG, Auxiliary

* nn ronnie ntal Protection Ae-encv,

* Indust rv response teamis

* Port Ant hIorit

Mu\nicipalities with water intakes

Ifmd iitries with water inrtakes

0 ArliiaL units With water intakes

0 Municipal enieruencv services Fire arid Police

* LocalI health aut horit ies

0 (Cor ps of Engcineers for control of darms arid locks

* Railroads

* Airports

0 (ouritv arid State ernergericy services Fire and Police

* Yacht arid hoat associations

* Civii Defense

* Radio arid television stat ions

5inv 3 5-2



5.1 MAXIMUM DISTANCES OVER WHICH HAZARDOUS GASES MAY
BE HARMFUL (Tables 5 1 and 5-2)

llC1..tlC o fhe I'g'l( ) of1"the reSpoll to the downwind travel of toxic or
ftianmii c ,a-es ocr populated areas, estimates of the mlaximum distances over
wich tle gascs nla. conceivably be harm ful are given in Tables 5-1 and 5-2. In
these t ablcs the distances lend to be overestimated for reasons of safety and
si1lpllcit,.. \\hen time is available and more accurate estimates are needed, use the
lila/ard .\-1s11ctit lladbook. ,\ssistancc may also be obtained from LSC(;

1lcadq oartcs.

Before applying Tables 5-1 and 5-2, consider the following:

1. All chemicals in CHRIS that are extremely volatile (become gase-
ous) are included in these tables. Some of these chemicals are not al-
lowed to be shipped in bulk by water transport.

2. Chemicals that may create hazardous vapors. but have a low
volatility (boiling point higher than ambient ) are not included in
thec tabic-. (L*,c the lla/ard .\,-c-,mcnt I lauLdhook to cs,timatc

distance, for thCse cI JclJ.)

3. The distances given Ior toxic gases are based on the maximum
distances over which the concentration of the gas in air may
exceed the threshold limit value (TLV). which is the tolerable
concentration for an 8-hour day. 5 days per week. Since the
duration of the gaseous cloud tends to be of the order of minutes
for the rapid discharges that have been assumed, the harmful
distances may be much less than those given in Table 5-1.

4. Data in both tables have been estimated for weather conditions
(low turbulence) that give maximmIi i harmflI distances. The
distances will be less when the atmosphere is wind, and turbulent.

5. The data in both tables are based on tile asSUllption that tile
quantities discharged are released into the water instantaneouslx
(very rapidly). If these quantities are discharged over extended

periods of time, tile harmful distances will be much less than those
given in the tables.

0. Flammable vapor clouds will not generally travel beyond the point
where they become ignited.

A more detailed discussion of the maximunm harmful distances is presented
umnndialel , following Tables 5-1 and 5-2.

5-3 Cianp 3



TABLE 5 1(.)
TOXIC GASES

MAXIMUM DOWNWIND DISTANCE OVER WHICH GASES MAY BE HARMFUL'?

- Ma.i-un Doslance Dislaoce in Feel

Chemical 600 3 0 6000 30.000 60.000

Na.e and Code" 3000 6000 30O(53 60000 300000 300,000

.o In I To, 0 ua ly Dsl1hargedl

cefdtdede AAD~ IIn 100 Tons

Acetylene ACE Simle Asohyant

0 1 ToI

........A . AMA 100 Tons

Boron Trichlorde B T Unknown Toei Level

1 Tonr, 1To

Buradrene, I nhitred BDI 0 // T//> I Too C1 Tons
,00 Tons

Boro e BUT Snple Asphyxoant

Boylene BTN Unknown To.., Level (Low ToxicIt,

0 1 Ton

Caon Dioride CDO 7 r ori 1 0  n s
1To I Ton ~ 

10 

Ton,

Carbon Monoide CMO T ,10 Tons

___________TnO___To 10 Tons

Chlo-re CLX 1/ ///// //// 10 an, 100 Tons

0 n0 1 T T

________~,._0 0 T O TonTno

Cyanogen CYG s
________________100 Tons

0 1 Ton
Cyanogen Chlorlde CCL 1 an// I. Tons

___ylopropane___PR l nd1100Tton
0 1 Ton

CclororneC10 Tons
0L/7// Z77 f 10 Ton

Dichlorodifluoromethane DCF 1 Ton Tons~K//ZXLZACLL2 00 Tons

1 I - Dfiloroethane DFE Unknown ToIc Level

0 1 Ton

Dimelhylamne DMA ..... ,,To. 10 Tons

Dimethyl ther DIM Unknown Tonic Level

thane ETH Siroile AsI),.-n

01 Ton

Fthylarmne EAM I Ion 10 Tons

100 Tons

0 1 Ton

Erhyl Chloride ECL 710 Tons

100 Tons

Ethylene FTL S mole Asotrosiant

'Hazard calcolaleet assornng worst case weathrer condilions Isteado low w~ndl and ,nrtanraneOos disharge
tSee TableS or time 0f arroal and doraton o

t 
io-d

* 'See Condensed Dide U Crenal Hazards

5-4
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TABLE 5 lid) ICoos,nuedi

-'d e In r -1

HndI rodeo* 300F bO0 13 U U003000 T5 ,,sUU

________ 0 11) on

HrdroF en Cv " loe H~C 1 To" T oo,

0

Hnogen SnFiooo HoF U To'% 10 and( on

Hsrroqr' 7=r,~ 'UT I1T 100T.

isooldt BT Gm -owl To ,GLevel Low Tos-ctn

iebullol 'XL- ul ITn Tons 10 Tons,

LoNfn .1d Uaon' s LNG) Unknow, Tos- L-0vn Low To-,ts

MoranoMT 4 Smonle As1phnsolt

Propadne Mstorn MAP 0T' - 1-I0Tn

0 T ITon 1 Tn

NX\XYX,_I(Ton 1 Tons

I ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ lf Meh0 Ch-inns on10Tns 0Tn

Mernnl~ Bromde~ MTB1 n IO n

Tonon

Morn0 calu,,ran e~~ MCF5 ~ n'~1 n 1 00 Tons

0 10Ton
Non-hootoochn M.01 NT 100 Tons

Wo~~~~gen~ ~ ~ bofe TonsrplA~h~l

0 Tons

Ninsoqen Tetroede NOX 1 00o 1 ToToo

Nocos Osrc INTO Snple Asohoriant

Phosqene PHG 10 and 10C Tons

Propane PRP Stnole Ashyxant

Propylene PPL Simple Asohnsiant

' Hazard calculated asstnog worsm case weather nnndmt'00 (steady low wmmdi and nosantanelos dractrarge

r Sn Table S -3 for t~ne oF arrvsal and donaton of clood

* e ond-ensr G(ode 1 to hremiC. Hazards
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TABLE 5 lid) (Cuntinud)

h X) t ()(l) il00L 39 I30 XJ .0,

j1$J( 9)3)1; 3) OHM 3) O 1)) Jfl , ( 9 W

T ' I.- E Tu ,

• 7" 1l0 T.,
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TABLE 5s 11b) (Continuead)

F - M.'rr11- Wrat1h - - Adil on Fee
500 lowX 50X 200 we

Norarr irs" -05) Q 500 low I." M'I 50.0wI 1,00

rl,.loqer S- 
0 1 Tr 

""I ii Io 0  
I

1I0 T,,

' 1.rrf'<rr'rl' "iN 'f ~ 100 1

0 1 T-

0 1 1-,

' /0 T,,,,,,

SIl -0 o L-

u-i- ISL T) C) ,.

i. No, w now 7- lLowlorT,-1

L 9' , .nMP to

I Jlo'

0 1orn

"Mc~ ~ 1 T,

N%"qer Inlo de N~x 101 o

NIr,,s n Lqre - NTQ Orole Asshosan

Prr-qene P06'NO ' _

Sii,;doePRP S.-Pce Asph"-"~r

%laardn~frsltedasa'n .wort ohsm weathnr oondtonsI steaid, .'Ow d *00' d nslannoo d'mh,!q
?Sn TableS5 3 for. in I arrrs and lcr,,irrn of 11.,,d

'Se Condensd Guide to (jhenCal Hafanlts
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TABLE 5 1(b) lConlinuedl

Ma -,rnv Wa. WAdIS nF -1

Lhernc a' 5() M) c,owXX) ', o A De
Na.',ea''t col. 05(X) 1000) 5mxx) ;5(a) CM Xf "o UCLA),oo

rP 1 ' ' I -,

0 Ic
T F F

2
it./- ""' DT,07,

T, '"il T MA U, T.-)W I~~ L -~

V,", C,-0, VU-MT

C(Xj T'

C''> F'y. .,V ,-"1.1oled yE, u 1o). -T101

We Cr'lesl tos~ C' CI ~al dlldS
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TABLE 5 2), (C.ortnu.di
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TABLE 5-3

TIME OF ARRIVAL AND DURATION OF HARMFUL GAS CLOUD*

60 x Distance Downwind (n.m.)
Time of arrival (min. after spill) 60 ISte Dknwn(m

Wind Speed (knots)

Maximum duration (min) Max. Width (ft)
Wind Speed (knots) x 100

*These formilas only apply to very rapid ("instantaneous") discharges.
The maximum duration for a discharge that occurs over an extended
period of time will tend to be the same time that is involved in the dis-
charge of the chemical.

The method of estimating the time of arrival and duration can, as an
appro uimation, be applied to any point downwind along the line of
travel of the gas cloud.
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5.2 DESCRIPTION OF TABLES 5-1, 5-2, AND 5-3

The chemicals listed in Tables 5-1 and 5-2 are all chemicals which have

boiling points close to or below normal air and water temperatures. They are
transported either as gases or liquids in pressurized containers, or as liquids at very
cold temperatures. When they are discharged, they will quickly form a toxic
and/or flammable vapor cloud which has the potential of traveling considerable
downwind distances before becoming diluted (with air) to concentrations below
hazardous levels. Tables 5-1 and 5-2 deal with the maximum distances over -hich
toxic and flammable gases, respectively, may be harmful. Table 5-3 deals with the
time of arrival and duration of harmful gas clouds.

BY no means is it intended to imply that chemicals not on the list cannot or

will not also present similar or worse hazards over large areas. There are many

chemicals which have boiling points only slightly above normal air and water
temperatures and which therefore, are volatile. Floating pools of such materials
on water will evaporate slowly as they travel downstream with the current.
exposing nearby populated areas in the downwind direction to hazardous vapors.
These chemicals are not included in Tables 5-1 and 5-2.

Factors that should be considered in utilizing the tables include the follow-
ing:

1. The distances given in Tables 5-1 and 5-2 were estimated using cur-
rently availabk, but not fully proven, analytical methods. The
concentrations of the hazardous gases at any point along the line
of travel (including the maximum distance) will fluctuate with
time. The distances given in the table correspond to the maximum
distances over which the average concentration may be harmful
(i.e.. toxic or flammable). Since the distances were calculated
i c th !l/:Ird .\'Nc~cnI Itlh Handbook. I illolc :oI1plctc C\-

pc'Itionl o the ilctiod CLIO bc Iolld ill the luporl e titlIcd.
I \s ( smll l[ .1l,)d/cts ill .Sll]))l ' .I , 1 -l ,j adt A.-l c ' c itl ]]d110 -

b m/, {IIIILI\ hc t' l,lil~l' Il'oil1 National Ic,:1lnical 111lll a~l~ lioll

sk:] C A Ic1) 7001,1.

2. Table 5-1 gives harmful distances based upon the threshold unit

value (TLV) concentration for each chemical. These values may be
IMtllluI ill thu Il Id/aR u'L, (hrCical l) ta \lniral. I hc I L\ I, th1

limiting concentration deemed to be tolerable during a continuous

exposure for 8 hours each day of a five-day work week. Since

higher concentrations may not cause injury when exposure times

are short, as they may be for the gas cloud from an accidental
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do,' I i . [li Iitile ewilltd a Iaie N tll e e, Ni

I~th" ItiiI& JI I~~i~ LI I CilN 7- Iu~ I- ire N Ll nI t e I C J

ol III[ll I5 ]I Ii t, - IC i ~ k~iilt () Ii Lee It~ tl ' I I (Ic ( I I \~ )i~ I I I

I Ii Ij I I Ii ii til I\ Ii L' I Ia I ' Ihuh IIItt t I \o, 11d 1i 11 lie
I Ii i It I I I I , I I I I I Iii I thIlIiI.I5I IN cl I a l tli ii ii I u

It I t AI I .

ko Iti l N 1 ,i~ I iii) - -I II 2a I ., dL I I t I j iilti~ tha Ii. Ili11l

)ri I I c I\1e i c r ,i ssh h the -,is Cljititl "k ii1 tr~i\ tl IN Ilt ani that theI cre

IN uIsII I II I ill theI trAxCl 1path. NiLwli iN rouigh terr-ain. htiiliLg . d
treNxxili Imight pruilasIte miif tile 2iN withl air. InIcrease'd
iii~ilC~~sii~lteliLIis icli tth IuII.\iiliiiiii hirdlIIIliiLl jstITicCS.

5 ll threeo tatlLN aire lhiNcL Oil Ihe jNIslxtissli tha the. ililailtitx ofi

lliinteN. AlItIu iN1tIJirgeN2' 111a1 eCial Oocur ait a Nuil--

ciutlv, rapid rate to mike this Ninpia ldii~i otherN \oill

occuLr ovecr muctih longecr periodNo time. [-or proloil( ofN~are

the Ill a\ iln d ktailcex \\ill hec sigi icanltly IcNN thanl those, Lix cil

i n 1',11 >1 and -I I o,!i( du ration of tihe a js o: IutI. Ihos Cx\ e r.

0s. in) 1al J ) -V 2 i I N sL InIleCd tha tIII c th imal vapi1) 1)o r clIou I n IkIiot

ignited. Ill mlaln\ cases it will he iunited inl the immedctiate Nic:illt

of t dI o soIIriatc : mIid under thece circuiItlie tholeuignited

cloud will riot travel very ta r. Also. it' it entrNi a populated arva. it
11t,1\ anIite quite ,oon iliu to thec presence ol' maim, man-m-ade
upnitioit \otirtcN. Once innited. the flim wvill propagateIl Itlrolgh
the ctloiudiad its downwind progress will geiirall\ tie talted.

5.3 EVALUATING THE INCIDENT BEFORE RESPONDING

('ait ioiiarv recponl"eN heing repaired helore correct xc respoilseN rcsjiire iii

aler an prudet evaluation of t lie ping111 Or atuall chemI~ical disclJT1iri Ax \er
caeu ~e~iiitoh the' in1CIdent nluItst he mIadeC withlin a1 time1 interval1 appr)opri-

At to the. ooleciioli, Great care liL~t he takenl to idenit ill t.liecmical. determinell
its Iiaiaroiu iatuire. and iiiitlestand how it max at oii beingL dicfliarged. [ lie
liiulLhbok. A (suijIcilc w nde to (huiimi.il Il'ua/ardN. shioiild be rexc\Co Iwe beore
iIkiuiIL 1lillo~t ill\ ac'tiol nu. SpcCiti c:h 'iijtcil 5 iL: iiia\ beC lo111id lil the. 111/a11dol)('
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I or Aill CLutioII,rN r-cspoiles, kiimllgc (itI Hic potcnti~ aljv araer wJich
limaniftil CH ccts II,[ occur CLail be criiicall A qulick ri-cenec to 10ulamiilu
Listaiilccs f'or 10\1C JIIL1 ILIiiiIJIaIC i cloud~s Is, i~ l i~ tic- pr-cccliIL, tals
htMC\\l. t11C I LaI/id A<\ ssoint I ILdhook sholdtll~ Ih. Liploskld liii Ili()-t dI"-

I i5C~Sirig' tile ili/ar]LI it sliotil~tl bI CIuICIulcr'l that1 thc' c\tcnt to) Whichi
CICeilCals' Lislcrsc ill thle kalcir IM or hos tht 1iM With kkatcrt or inl Ote ar is

dcpcndLC It upon01 thle qtiantits6 or- ratc o 01' eiae aind hlc turblce)C OftI thlid
\61 Mwiht Ilie [Ii\.x So(I He cheficals" \ill beCCOMC dit eILd more ia pidis' so that1

tHes. 11lOlLe liI"(rjro\ itLe 111 iiiiltllidte liltil li'tiaitl if' discLlaLkL into al ttlrbiiiltt

sirejIll than ill al calmn bod\ of' wtcr. ( ases swill disperse mnore quickl\ in tile air
underCI \ itysind con~ditionls thanl shcit tile air is reclati\ely still.

I me 1k ft ravel of d iSCh arCd clite micAs will be de term ined by tile yelbcits
oI tile medium i either air Or Water) Ii which they arc di spersed. (iwin icals thait
floaLt will movc ait tile Velocity of the surface water with sonic effect by wind.
[hosc that il with watcr will move with tlic title or curren t and 'ga;scs that are
forinlcd will tI rave lat thle selcit V of the prcvjilin_, wind.

Naurll a rcat responsib ility is placed onl thle On-Scene ('oordii tor to
dt Crm inc til cCX tcn t Of cant ionarc response', warran~tCd inl a Sivcn iti l.
\c t ionrll' tiIi red ti rcsp)ond to thc aIccidentail discharge ol' on c 5ga.d rumi o'

bc nzcne arc ohs ioulSI riot til hcSanc as thlose rcquti red for handling ai I0.000-b bl
LIiseliarce of' tile same material. Correct in form ation about a discharge mulst be

see tiedasrpid l\ asN possible to avoid thme inassive dIisrupt ion oi Coml Ill tinl ity IitIc
resul tinu t rom an ove rresponsc to a minor tliscliamge of a hiazairdous imaterial.
Conversely, ant inadequaLIte response to ai maJ or disch arge could reCsult in) a catast ro-

phie. If' the extent of the dainger cannot be readily determined, it would appear
better to err on the safe side thanl to expose large areas to tile thmreat of dangerous,
s apors or- badly containmated water Isupp~lies. StichI decisions canl be in aIde on lv onl
heC silt anld inlist be li ft to thle judg-ment oft hie On-Scene Coord mat or.

5.4 RESTRICT ACCESS

5.4. 1 Access to Waterways

When rehatiselysalqattksacdshre or- thle diseharue is at a low rate.

restritimlg access primarily aipplies to tile wie vor, stirrotinding' body Of svatCr
anid nearby) shore mrcas. People, boas, shIipls ild 1,landeicles SholdIL be preventedl
Ironi enteriri tile threatened /oic b\ commuinications and mlealns oit pll. sical
blockage that are available at thle site of tile discharge. Thiese include raldio
couiliilicaltioil. sitlilals. louid lmailcrs amid inteirferece by U)SCG, craf't whlere

ncecssary. (out rol of locks duml aid of' Imarbormiasters nu\ also be req tred. Whl e
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nCk. e'air, a.id wlien appiop iiatc tile local Port Authority should he requested to
rCtraiin "lhip departures and divcrt incomn1g ship traffc. le Rcgional ( ontinge-

c\ Plin )ata lase should provide a ready source of people and agencies that can

pros ide assistance.

Problem" call be anticipatcd with s mall craft that lack marine radio comlm i-
niica[ol systlnls. In this case, restriction of acccSs could only be accomplished by
tlhc e of picket and patrol craflt continually patrolling a safc boundary line. Io
rclice 'S('(; personncl and vessels bor otlcr douties. it ma' be advisahle to solicit
the aid of local yacht clubs, the US('; Auxiliary, and the U.S. Power Squadrons.

5.4.2 Access to Land Areas and Air

IFor large iisclhares and particularly those that m ay create hazardous 'apors.
inimediate action should be taken to alert regulatory authorities (state and local
Ftire and Police l)epartments) to the extent of boundaries of restricted land access
so that traffic diversion can be initiated and detour routes established. It iM ay also
be necessary to support available police forces with additional personnel. US(,(;
forces may be more readily available than military reserve units which generally
require a gubernational order for activation (National Guard). and can take as
long as 10 hours for full assembly. The USCG Reserve is undergoing special
training to aid during pollution emergencies, and their response to past spill
incidents has been accomplished in a minimum of time.

For large discharges, and when appropriate. radio and television stations
should be alerted to the boundaries of restriction so that frequent spot announce-
nients can be made to the public. When necessar',. the railroads serving the

polluting incident areas should be advised to direct and divert rail traffic away
from the restricted access area.

Airports servicing the area, if they are near the problem location, should be
alerted to the situation so that they mlay cancel impending flights and divert
incoming flight landings. This action would, however. be applicable only in cases
involving a traveling vapor cloud that, because of its toxicity or flammability.
could endanger the aircraft. It would also be advisable, when the circumstances
warrant, to apprise the local Civil Defense Agency of any hazardous chemical
situation, since it maintains equipment that could be used in restricting access
into a hazardous area.

5.5 RESTRICT IGNITION

Restricting of ignition primarily applies to small discharges or slow dis-
charecs of lammable materials and hence is appropriate to the adjacent water-
\ravs and iearbv shore facilities. Where Ia rge flaillnable clouds might form. ite
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II* th IM cl0 is dJt()\\C i to0 tiac I CIa'r cu10ii ti 10 L-Cii 01ti) 1)ilMitCd ilCaS I)CtMrc it

bcincs icitCit. onI bnrn-Iing it uia\ causc maissive and Severe inljurv and dainaL'ac.
It int ion IISMIrcs ar iot r c ks t ri Ct Cd 0n land. II f tII eC10L cofd ma itnic 1CSOOn1 aItC r i t
rCcctcs th li [otC andt It I 111\ cIIC iit in~ ld w illot cricr1ttV he lial tcd.

Restrictini.! ivilitionl witt. as a gcineral ride. require thl c~sr ?tAUtii. tf u( ( '.0 to

til a rca whtecre thle 1amin abtC liII id1 or gas, inay he p resent . For vessels thiat are
alrircad inl thc hiazard 1.ole anld cannot he inovcd . or I'r those that may havc to
center inIto or- iicar1 tile lazard Z~one tor r-cspollsc puirposes. Special prccanitioiis arc

ncccssar\

Sonr-ccs 01t Igiitionl 1Cictdc icrnal combuILIstionl cnginceS that alrc n0t Adc-
kdtnatCty cqLipplcd Wxithm flaInc trrcstcf-s thiroug'h ttic carburctor anti. perhiaps. om
back tirc through11 t hc cxihist Smok ing. as iircdI cooking stoves5 and hecatcers.
11iarcs. Land hot surf'accs also mt ax ansc ignlition. IThe impacting ot' ccrltin disiji-
tar niaterials ( ig. wrcncti dropped onl concrctc t may Also initiate tilc buirning ot'
a combustiblc mix turc. (Great carc HiLISt he taken to cnlsnrc that thecse sonurces arc
not prcscnt inl (or atllowcd to en ter) th tigcncral area wtmcrc til hclamin n btc
chcnmical Ina\ bc prcscnt.

Thc nIsc Of' a.tomo0Itc anid smiall craft clectrical and ignition sk slem.s can be
rcstriCtcd by tilc poticc. FI- tis r-caSon. Wci cis Uscd l'r cxacuationl pLrposcs
stionitid liaVC thcir inward t rayc rcstrictcd to a prcdctcrmnincd Saf'c distJancc, an1d
cvacuccs should( wailk to ttic vchiclc niccting point. Fvcnl [Ilc usc of' UJS(( Vcsscls

Shoul.1d he closcly stipcrviscd to controt potcntial ignition SOUrccs.

VclmiClcs aiid ctIil picl t Uscd to cian oip at hazardous clicumlical inlciLdcnt can1
rcpresen t anl Ign ition sourcc si nce many small craft. sk immcrs. pom PllS. anid
Spill-rccovcry t rIcks do no0t haiVc cxplosion-proot' systcms. ExNtrci-ci canLt ion
should bc cxcrciscd inl tilc lt iliZationl of' suchl C(lLoip~Cnt: and whcncxcr practical.
only cx piositin-proot clia1.1 npcqu ~ipmlc nt should be Uscd if an e xplosion ha/ard
cxists ats at rcsult of tirc hazardous chcmical dischargc.

5.6 EVACUATE PERSONNEL

Itic cvacn ation of' people f romin an arca thrcatcncd by toxic or lam maubtc

va.por cond it ions rcequi rcs considcrablc planning and assist ancc for til hlctrtinge aild
transportation ofI individuals to a saf'c zonc. Jti Rcioiil Contingcncy' Plan D~ata
BaISC should Servc as thc primarv sourcc of' information onl assistancc that Iiia\ hc
av~ailahic troi gvmciimnitat IgcncicS anld civilian groups. P~rior plaiining b\ Itice
O)S(' for CCnltl of thmis kinld, part icmulirlx inl arcas wvherc t hcre arc 1'rcqucnt

Shipmnits ofI thiose checilikiah listced illI lahics 5-h amid 5-2. Si~hul hc carricd ()Lt so

thiat titc groLiFitiwork lbr a wcll orgai/ctl aiid qtuick resp~onse mia\ be lad.~
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\ \J lth oll cdll lhe ll0Y t c.I ICL tl . \ [ L(1lllj)Iisllcd l c I tCH I i Cli l.C i

tllC~l~nel.but not \ ct e\I)0scd IL the ha/aikdous -,ascs. After an are as Ita bee
LN\PONCLI. tile tlr'eCllC Of the sittuttiol Cal beCCO11e io0rC ACICCd fni le ittittethjatec

aI Jilblit\ oI' ltOteCtiO. leCit, and Le JCtatlo 01' personnel cali he CriiCA.

(onltingellne plans t~or CvaCIt loll NStotlId be de\ClOtICd. Whe~re Ilrora

CLo~rdlInated Wiith othe r emIe rg~ency servic ICC ous ~f~Nand kepit it) 1 rCiLd\ s1JtLN.

Some1 Ol' tileI lCtorl, thA NSt1tlii be inCIlded ilil IOI CC1)[11ltlt 01' ColiiiLCIC\

plal>s include tile 1lollowine:

" MIethod, 01' dlntil iniL thretelied Or- eXIpOseI arcaNs.

" Notilicatioli anid \varling ol' thtose that are thireatened.

* IProvisionNs tor tranlsportAion Ironi11 tile ha,/aIRotiN /,one

* Stireil anCe 01' tilie area to) moniflitor tilie elleC Iivee ol 01 tl C\ a CLtla-

I ion procedln reS andI the presence o1 thle ltiardons us.$R

" I-t ablishtmen I of' prioritieCs lor evaiuationl b;INCI 01l SLICIt 1'aCtorN, as

thedeg-c of (potential ) exposure, available I illiC for notiflicationl

and effect i iii eVaIC Ilat11 jLI. tliVCe and access to ha/ard-frce areais.

denIsity 0o' tbe p)optlltittn and availability ot' reSOtIrces.

" P~rovisions~ or readily available personal protection equi~pmtent f'or

hothI those tha are thirea tened and reseue and evacuatioil per-sonI-

lidl.

5.7 RESTRICT HUMAN USE OF CONTAMINATED WATER

Nlatt molieipal1ities1 Lltili/e major river and1L lake water as a potable or

domest ie water SulyI)N source. Thle water treatmlient systenl COUIld eithewr he

overt axed or not1 capable 01* ti-reall12 speeCiIlie e~llteidaIS. Inl such easeN. thle \\ at er

Nslppl\ Yr dom estie LIlS S11)1LI lie restricted lh\pomP l1 ot\i lvii thle waer

sUIpplY ae ilitI thle pulhIC eCaltit aIthoriles. Nleamitw le. radio an1d tele\ s'ill

se rviee a nnott nCeln enIs ltt t101 be used to alert tlw ,cnctrdl pnbl)ie to tile prleIlti.

illiId to hireve\lit LISC ill t)Iolute~l water thatM nu\a have eniteredl tile water supply

systelt bel'ore tile nail) sulpply Coultl he tcrilliite~.

Special attetionl shtould be given to tot-processing 1'lalits that 1ltili/C water

aNa cookiiiti 1LdIt SilicC Snelt fa cilities rarch\ use ratdio ald~ tClevisiOl th1itriti

produtctiont periots. File local port Mlntltorit\' ShtoLli e Prolt111ihY aLkviscL 01' thle
silatioll to prevn~tt the iltaikL of- Collttal iinatedl waler by. Iltariie vLessels.
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5.8 RESTRICT FARM AND AGRICULTURAL USE OF

CONTAMINATED WATER

x\,oc14. Im4 x . ~ok Sinc4  t~i n p4'ron cIF. Li.crlIx mit ill 11hc lic.ltl,. 4..)I)ll)1tlli

111,I\ K' x irlnI4.4Ik 1Ill1u 1 14' N.Iii.I J 1 'ICI)1144n4. CII 10 tIlL' iJIFI11141MI"4.. 0.4) a I1411

Il I 14101141 ciowC,14 l. 4 PAI014 .'1*It M
. 

At I tO.r iu ik . lh' I IL )1 11 \\C1 kt4C()~ . 'F 01111 .114.',)

Ic4.ILI4.'ntlx NII~Ipp4.L \\ Ill L1FL'II\k iIII C C4x 4' 4.' 11i4' 1 -4.'t) ll~L. ]11 h 1. .o iilhilil\ mnid
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1 ~IL'IlC,'4N [11l!11 )11 il1

'4L' not ilLI wo 1 1 111 . 1, ti~ ilt IIrJI x\ t INC flM~\ I' IIIIA 14-LI

5.9 RESTRICT INDUSTRIAL USE OF CONTAMINATED WATER

1lll) Il,II ll~ I IN .' tr4.'1 IL . Vj\4.' \\.)tL'F 111dL. ill NolIIIL C.I"4.'". "CA I tclx. I 'm 4

C1444illu'. klttIL'CI1111S. liquIlid tIu r a ~ o tai ofIF.C-~l. n l ilig ~l-
po I" IkctricIa l )\C pO lII) ilI UIIdiIlg, 11LI1141 I 1)\ L' 1'1'~tfi "t,14\Lltn C

I rIx L II t iliC1~ (0I \\lt ' i411 .11 ) h i H illt \WI1 L ht)o I m or .)44i 11 lw o4

( oIi) L~ IIL' IC d Il1a~LCL 1o 11L'W 4F IMn1T I) ll S K' 1 I tINL'LoI h\ wili1c ChiIil) kIls it

thcx mlr4. JIlI4)\\L to oL'l~tl' ti)4  ,\,,tc'I1. Ill I1)4)t CI4'.thc 111C'IIOLI 0I ICkIIIJ.IlL' ()I-

pote'micI 1, ttoL wtL'r (1\\h4LI\.IkL S

I 'iItt L 'r41-.IFi I \ 4' N.1) tlN4.LI .1 \I'I \4.it14ll ll H)1 dlId I4.F CLI '11 4.')0 111C1

1114.'~i 4I4Li te \at h4)II d\4.I.L . 0 kili LNL'" \I1 \ ti4'Cltl. \"4.

for4. t 1 1llI'lN \I. opcni' h 411 'I 1114.1t ~ lIki L N, \c xxk h 4 I 'l 4.'r I~l) 2111 111 \4.I1(1 \ ohxjol l l K
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taIlI Ic \I I IIIILIblis itedl in IIIic Rccit riI1 ( k IIIi icc\ , la R ita k iL

5.10 SOURCES OF ASSISTANCE

t lic ic .11c luIIIJIla inntIls l' Issislillc ntnic\ hol IiiI at hcll~.II lt

tile Ctil (1tl L it riti l l ill LN, tileL kl,t l~il \\ I 1 IIgc c Platira \1 D t\i I\ lco ri Lii

10,00 JInad nrIhJIn Mo MiIAl hOcA101 kt\ reseiL nted l tilec lOul(%II1 ilLcs.

5.10.1 Federal Sources

(a) F/1t I)()(111iiw (4 IX' t't -lIlis a11ilo.'s canI prO\idL' iil itarv

ay~istaiicc to 1),t vttl sclectcd :ra and Lli\cr1 )Cdcstrnail. %clikir.

iiiarinic. and aircrl-At tral lic.I Ilic he cut that local rc',otrcc', arc

clcmnl s i naulct lLIt to .op> \\ itli tile 'itti;ttioln to liL\ IO I 1' i

111C. tilLe .\rIl\ , N\a \ , aIl .\ir- I ttrcec caIll pros, tole' assIslalice to -ced.

I rallport. and1L hiouse displtCCi.' pcroIlI1IL' dninnt C\aCUlIti pr-

Iron l-'(ttircc. flia\ Coil IIrt icti~ ~l ~tI~ :II 11 eO ilar-I
[01)this o~ce I' Arnmy ( orps of' I ninicrs i\h ~riur

l's hicIItLIl ill coltr-ollinel- tile! lllo\Lii)llt ol thci 1/ARdonI, cenical

Ill Or Onl tilc WAtcr hodV tllrough'I Adils]tn1Icts ill tile low)\ 01 \satci
Met o.1,d111" and t hrougth locks.

t/b) L/I Iiiomii wif/ IPrwt' 1/c i. >lgmI~'i ( LP.I ) Along w\ith thc U'SCG.

tile I PA la>i a priimc rcsponlsihility inl tilL control 11nd clcannpJ O1

po01lM ntc waCr>. li1 he c nIcvIC can providc& pcrson1Cl Who haxiCI had

broad cspcriciicc Ii tlic process anld storauic of' Iia/ardoi> pollutinLg

s>n bta lccs Aid ar-c %CI c\i i ha r Iwiithile h)od-1 i i jurl- and propcrt's

danilaLc a>>sociatcd with ChicinliCA prIoduIct>. Ili additionl. tilc\ Caill
rcadil'sdl~ Onl r-CsIOIISC tCCIIIiitCS tha can hc Used cl'Tcti\Clx
to cointrvol or otlIc rw ,ic trcat acci dental chemnlical d ischares'. C losc

coordinadtionl sloldIIh II'iIitainlcd With this aecIncv.

P fic' l11/1iw; I 1in,o This Decpartmecnt canl pros idc
many scrxiccs to meet fil hccnreic\ nIccd> f'or agricultunrc. I hCsC
nIcILdc tilc provMi~iOil Ol' >urp11i> t'ood to relief Orumali/atioil\ and

tile determination ol crop) dtliave dill to chemnical contaillilaitinl.

F(1) 1)( 1clim' 01 il I 1 ,twc/'t/iit' Igcm I Phis aucnlc\ canl >iipplv

lid ittine>" to lilct cctcneedisul.

(c)/ I/icP011 Ii//buIttih I(I .tiot C Il I hod , I tI' po\ iuc > I,:(,ctI or
L'IICI*L'IlC\ 11C1111 1 r1d >anitit i[onl ii1Ct~iirc"
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>NOA\\ [)I~ ide Ik vit C lici ()I)ast ji 24-liowibss I lie ( It lic
aid") iiiiiilit'iiis iiiocli1i LViiiiliiiiiiet i01n servCs \\ it l All state en\ 1
,IL'tIisel aei Ies Ih ICei Can 1)1'()% ideC tp-to)-t Ilie-nliinite for-

yasts" andI petH mntII sveAier inlformation1 101 tIlicL1i NAWAS. lyle-
I V pe:. telephonec and theC uIess' \III[ Wvitlieu Broadcast Inflruiat ionl
S\ st eml operatiny onl 102.40) \M1i. Winld dircton and force
dIA r1-L LtA to deter~iiiinui whereI' andIL 1how L11 the e!ValI1t ionI

5.10.2 State Sources

the namesc of the \arious decpartments.l" divisioiis. amd aizeneies inl eai state
\6Il 5 arv hiowever, their duties slimtild be similar. Typieal:isitad will he a

(a,) Sta/ec Lo11irolmot'io IPrweeNoll <hwgem I's -nir-onntientall. eniiI.
mleelaCIjeL. Mnd San'itationl enCern asae all be reCadjlL
caWined f'rom this sotiree. Many states have also employecd marinec
biologists and oceanograiphers whio havec become erv familiari with
the marine eonldit ions 11nd reCsourCes withinl their state. SoIIe states
have acqnired and stockpiled. p)ollutionI control eqiiiIentII stieli as1
booms. skimmners. and emtial treCARItefIt ssStemIs Mhich Ca11 be'
promtuply dep)I'loe for last-reQsponse aet ion. \V\it er analsis servic
Can Also he obtained f'rom this acyand. inl somc areas. mabhile
biolotgical and Water an alv sis laboratories Canl be pr-oied. A close
coordinationl sholdI be mainltained With t his staeCeic

1 h Dc;'rtmit of hljci htorks This IDepmrtiment canlsss iil
rcrest nt in water llosv. control oft sewerjuCe 'A stemis, debris anld
miobile clearance. bimildin tetnporary rest raining dikes and earthen
barriers, aid providing eniergenev vehicles anlld liersonnel for etner-

to cyc transportation recllireninets.

) Ipan.rtiw 4l Hlth//iT Fis l)epartinlent Canl pro\ ide. \vAter anlil-
w55semce. caIsuIat control and repor01tS. anld emergcy--CIC hlealthl

permimne.

(d) iri//iariu/on u0 ' Ihc/iu(l I)('/ iorl i thlis acev~l canl :Iid
itIl safe SAn1d efficienlt I'105 cinent Of t raffie ar1ound affccted ireas
anld prov0ideI somc vehicular a.ssistance for evacuation.
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(d) Prirate C onsulting Organidatiun and JTeting Lara/ori,.s These

organizations can provide a source of chemists, chemical engineer,

mechanical engineers, civil engineers, environmentalists, biologists.
oceanographers, ocean and marine engineers, and physicists who

can be pressed into service in the event of an emergency.

(c) Shipping and Barge Lines - These lines can provide marine craft

that can be used to contain hazardous chemicals that may be

transferred from a leaking vessel. When secured together in a

cross-stream fashion, the barges can be used as surface dams to

restrict surface flow. Barges can also be utilized as temporary

bridge structures to cross a river. Water-separation systems can also

be barge-mounted for on-scene response action. Coastal-type tank-

ers can also be used as a means of temporary storage For recovered

materials.

(1) Full and Part-time Pollution ('ontrol ('ompanics The OSC and

other Coast Guard response personnel should be familiar with the
various cleanup contractors' capabilities, availability, and past per-

formance so that a quick selection may be made during an emer-

gency and the contractor's services deployed as soon as it becomes

feasible.

(g) Trucking Coupanies At each locale there are numerous trucking

companies which can provide tank truck-type vehicles with

capacities up to 8,000 to 10,000 gallons. They can be used to

enter a hazardous chemical control zone to collect recovered waste

materials. During the summer months many fuel oil delivery

companies have fleets of vehicles that stand in off season idleness.

These vehicles could be used for the containment and eventual

disposal of recovered waste material. Other vehicles that are enpty

and in onload standby status can also be diverted into hazardous

chemical control activity.

(hi Railroad (ompanies When railroad sidetracks are close to the

zone of activity, railroad tank cars could be used as waste contain-

ers in lieu of, or in conjunction with, automotive tank trucks.

Such containers frequently become available at the immediate site

of the hazardous chemical discharge since many empty tank cars

may be standing idle on in-plant railroad tracks or in railroad

marshalling yards prior to reshipment. Normally tank cars have a

storage capacity of up to 00,000 gallons.
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(i) .,llhh)inhce and O..vgen .S'rries At urban and rural locations
privately operated ambulance and oxygen service agencies are
available. Such services can extend and supplement the regular
hospital and fire department ambulance services. This type of aid
is frequently needed when hazardous chemicals are accidentally
discharged at a coastal location. Listings can be made from the
telephone company yellow pages, the local civil defense agency, or
the local health department.

5.10.6 Volunteer Assistance

Volunteer response assistance in the past has resulted in a number of lawsuits
due to inexperienced persons suddenly becoming involved in actions for which
they have had no training or with which they were not fully familiar. There are.
however, a number of well established and experienced volunteer organizations
that can assist in the response action. They include the following:

(a) U.S. Coast Guard Auxilarr At coastal and other waterfront
locations the USC(Aux, a voluntary civilian auxiliary of the
USCG, can provide personnel, small craft, and a marine communi-
cation system to aid in a response action.

(h) American National Red Cross The American Red ('ross charter
provides that the agency should continue and carry on a system of
national and international relief in time of peace in mitigating
suffering caused by pestilence, famine. fire. flood. and other great
national calamities and to devise and carry oil measures for- preven-
ting the same. It can be readily seen that a major hazardous
chemical incident inmight utlder the right circunmstances meet
one or more of the requirements of the Red (ross charter. This
relief or!aili/at ion will traditionally provide services to victims of a
serious hazardous chemical incident by supply\'ing food, clothing.
shelter, and emergency medical care as well as assistance in rehabil-
itation of daiiaged property and primary disaster resources.

() Other tIIelare Agencies Other welfare. religious. and charitable
inslititutions. such as the Salvation Ann .are equipped and trained
to assist governmental agencies in meeting the effects of a disaster
during the immediale energency period. A listing of' such agencies
should he developed and used when the response situation war-
rants such isist ance.
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(d) ('iil Air Patrol (CAP) During a response action that is beyond

the capabilities of available personnel, the local Wing of the Civil

Air Patrol (CAP) can employ facilities, personnel and equipment

to support the U.S. Coast Guard. The avai'able services would be

consistent with the CAP's other missions as a volunteer civilian

auixiliary of the United States Air Force.

(e) U.S. Power Squadrons and Yachting and Boating Clubs From
these sources an armada of small craft can be quite promptly
obtained for patrol duties similar to the USCG/Aux assistance.

5.10.7 Universities

Specialized knowledge of chemical hazards may be found in local colleges
and universities and be utilized for guidance during response. Their laboratories
may be able to furnish chemical monitoring equipment and to perform chemical
analyses on samples brought to them.
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6.0 CORRECTIVE RESPONSE METHODS

To Apply Corrective Response

F'irst be sure that hazardous nature, precaution and first aid are

understood

Second rescue exposed or threatened personnel and take appropriate
action to prevent accident from getting worse

Third select applicable response methods using Response Index
(Table 4- )

Fourth apply cautionary responses (utilize the CHRIS manuals and
Regional Contingency Plan Data Base where applicable)

Fifth apply corrective response based on a full evaluation of the
chemical characteristics and the local situation that prevails

* stop the discharge and transfer cargo where appropriate

* initiate other applicable corrective responses

" dilute and disperse only when safe, and only if other
responses cannot be applied

For general description of response equipment
and systems, see Appendix A, Part I

For equipment listing by manufacturer, see
Appendix A, Part Il-A

For specific description of response equipment,
see Appendix A, Part Il-B through F.

For list of protective clothing, see Table 7-2,
page 7-3
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6.1 STOP DISCHARGE

Potential Methods

S Turn offil pumps and close valves

" Ballast or trim the vessel

* Patch holes and perform structural repairs

* Transfer the remaining cargo to another vessel

* Move the damaged vessel to a less dangerous location

In many circumstances, stopping or reducing the amount of discharge of a
hazardous chemical into the water body may be the most effective response that
can be made. The actions required to perform this response can require con-
siderable judgment and necessitate guidance from vessel and terminal operators as
well as salvage personnel. Since hazardous chemicals are involved, responses
associated with the source of discharge may be particularly dangerous. A general
outline of available methods is presented below.

6.1.1 Turn Off Pumps and Valves

Terminal operators and tankermen should be trained to promptly shut down
pumps and close valves. The OSC. however, should be prepared to take action in
the event that operators are disabled. The prior establishment of the availability
of backup operating personnel and an understanding of the transfer system will
help to promote prompt and safe actions during an emergency.

6.1.2 Ballast and Trim

Under special circumstances the rate of discharge may be reduced by
ballasting or otherwise trimming the vessel so that the height of the liquid above
the discharge hole is reduced. (;rounding the vessel may also prevent it from
sinking further into the water. and thus prevent the escape of an additional
quantity of the chemical. Again, the vessel operator must be relied upon for
guidance and to perform or supervise some or all of the necessary operations.
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6.1.3 Patch Holes and Perform Structural Repairs

Casualty engineering and the effective practice of damage control may be
necessary in circumstances such as stranding, collision, sinking, or fire on board
ship or barge, and some similar actions may also be applicable to containers in
bulk storage facilities. Prompt action may minimize the progressive nature of a
casualty. In the case of a hazardous chem,,'al discharge, patching the hull and
making structural repairs on decks and bulkheads may be necessary to prevent
further loss of liquid. These actions should be accomplished quickly, and they
must be performed safely, according to a master plan. Too often, ill-conceived
plans have caused the loss of life and property. Difficulties experienced by salvage
and response personnel may be numerous and complex and may require attention
to detail. Specific measures should be taken to ensure that spaces are freed of gas
and remain so during the operations.

Small leaks, left unattended for extended periods of time, can cause large
losses of cargo. The amount of water that will enter a ship through an opening or
will flow from one compartment to another varies directly as the area of the hole
and the square root of its depth of submergence. Also, th flow of a hazardous
chemical from an opening above the water will likewise vary directly as the area
of the hole and the square root of the height of liquid above the hole. If the
discharge hole is below the water line, then the flow will be reduced as the result
of the head of water above the hole. By reducing the hole area, a significant
decrease in discharge may be obtained. An indication of the hole blocking effect
can be seen in Figure 6-I where flow rates are given for unplugged and partially
plugged holes For a case on which the vessel is taking on water.

Minor leaks may develop in rivet holes, plate seams. or through small hull
cracks. Corrective measures for this type of leak include lead, sawdust. oakum.
prepared leak-stopping compounds or caulking. and the use of soft wooden plugs
or wedges, which will swell on contact with water effecting a closure.

Several structural patching methods have been developed by salvors for both
small and large holes. Several examples are illustrated in Appendix C.

6.1.4 Transferring Cargo

Liquids may be transferred from a stricken ship to a second tanker, barge, or
to sound compartments within the same ship by a variety of methods. These
include pumping. blowing with air, and allowing the liquid to flow freely into

another compartment.
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Caution is required to ensure that gas fumes will not cause hazards in liq(1uid
transfer operations: appropriate venting and certification of gas free spaces is
advisable.

6.1.4.1 Mechanical Pumping Systems

A variety of pumps suitable tor use in emergency operations is available.
Salvors and damage control crews have utilized electric, mechanical, air
hydraulic, water, steam, and a wide variety of other pumps for the emergency
transfer of liquids. Great care is required to ensure that the selected pump is
suitable to the cargo. Corrosives and cryogenic materials require the use of special
pumps specifically designed for application to the material. Certain cargoes are

explosive and require that non-explosive pumps be used: in such circumstances
air, steam, or water-driven pumps may be suitable for application.

While air pumps have generally a low rate of delivery, they are small,

portable, lack the hazard of shock from an electrical charge, and are highly
reliable. The delivery of compressed air can be varied in pressure and volume only
affecting the pump's output and not operation. Most air pumps call also be
operated without lubrication and without fear of overheating. They are generally
excellent emergency pumps and the supply of compressed air can be located on
board ship.

6.1.4.2 Air Pressure Systems

Pressurized air can also be used to transfer liquids in some circumstances. An
air-lift, as shown in Figure 6-2, may be used to lift high-viscosity liquids, for

example.

In other cases, air pressure can be applied to compartments and tanks to
blow out liquids. In tile case of hold compartments, all but bottom openings are

secured. Aln air fitting is located at the deck fitting and air pressure is applied. A
similar procedure can be used to blow liquids up a sounding tube. Great care is
required to ensure that the air pressure does not exceed the hydrostatic rating of
the container, however.

6.1.4.3 Special Methods

For recovery of cargo from a sunken ship, a hot-tap method for drilling a
hole into the liquid compartment anti transferring the liquid to another vessel on
the surface has been developed. This has been applied to several oil-recovery
operations from sunken ships. Specialized equipment and techniques for attaching
the system to the sunken ship and accessing the liquid is required.
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P.'.4.,4 Heating or Cooling of Cargo

A healing or cooligI capac itv, is a ho ackujp ., stem for cargo t ra nfer.
especially it' flow characteristics, pUilping rate,,, or operation conditIions are
Unknown.

I lot-ta p systenis and sta ndard emerg-ency cargo-pumnpingL SYStMIS May he
Used in conudnction with the hecating of tl e i(JU id cargo to lower the viscosity of
thle liqJUid so that it is free-tlowing. This is most often dlone hy heating with steam
tracing,- through the hoses into the carg,-o tanks.

Alternate hleatingI- tchnIiqueIs availa he are:

* injection of' steam into the cargo tank, and

* injection of steam into the spool piece of the hot-tap adaptor.

Cooling of the liquid cargo may he necessary' in case of' a flammable or
ex plosive cargo which is temperature-sensitive. e~~.aviation gasoline. The
techni(ILie of coolinga cargo largely involves aI continlued wvater wvash over thle
storage tanks.
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6.2 CONTAINMENT

Potential Methods

" Floating booms (page 6-10)

* Other barriers (page 6-25)

- Pneumatics (page 6-25)
- Porous and absorbent (page 6-29)
- Chemical (page 6-3 1)

" Spill herding (page 6-3 1)
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6.2.1 Buoyant Floating Booms

Most booms were developed to contain oil slicks and may he used for ;j
number of chemical products. tlowever, the materials used in boom fabrication
are vulnerable to danage from solvent, acid, and chemical attack.* The% are
generally not effective in seas running more than 2 to 4 fcet and begin to
hydroplane and fail in currents that exceed 0.7 knot.

A number of problems can be experienced with existing booms, and they
can be defined as follows:

0 Booms built by different manufacturers are rarely compatible, and
no standardized means of end-to-end physical attachment exists.
When multiple-boom sections are used, applied seamanship is
required to jury rig and join different boom sections together.

In addition, problems will be experienced in joining compatible
boom sections, since fast methods of attachment are not yet
state-of-the-art. Numerous attachment parts, nuts, and shackles
must be assembled and secured - frequently in heavy swells from
a gyrating small craft. Galvanized connectors for booms rust
rapidly and can become worthless within 6 months.

* Many booms, especially units made of high braced or stayed
freeboard material, are prone to hydroplane under even moderate
wind conditions. Such action permits the accumulated chemical to
escape Linder the submerged skirt.

* Float or buoyancy materials, especially porous and cellular
synthetic materials, are easily damaged by impact or compression.
Some material has even been rendered worthless when attacked by
scagulls. Several containment booms operate on a principle of

float removal for easy stowage: this entails physical attachment of
the floats prior to deployment and use. Again, when working from
a heavhlg small craft, such action is difficult and delays deploy-

inent.

* Ballast material, used to keep the containment skirt submerged.
generally consists of lead or galvanized steel weights or chain. On
some units the chain is stitched into the boom material or passed

*See the Hazardous Chemical Data Manual for details on chemical reactivity.
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throuLgh canvas webbing straps. When deployed for extended
periods of time (for example, two days) failure has occurred from
the movement and chafing action of the chain which wears out the
attachment material and thus releases the ballast chains, rendering
the boom worthless.

* Rubberized or plasticized canvas booms have to be cleaned
promptly after use. The cleaning action itself creates environ-
mental problems in disposal of the contaminated scrub and rinse
water. Booms fabricated of such material also deteriorate while in
idle storage. Cases have been documented in which booms have
rotted and lost their structural strength after only two years of
storage.

0 Head wave buildup (entrainment) can force the chemical under
the skirt of the boom, unless the boom is properly angled across
the stream to reduce the headwave buildup.

* Certain booms, especially units with a low freeboard, are inclined
to dip at the hitching post or section-to-section attachment area.
The "dip" is frequently much lower than the normal freeboard
section and leakage results.

* Tidal action can leave the shore attachment section of the boom
hanging high and dry, permitting leakage at the water/shore inter-
face. Frequent adjustment is required to prevent this leakage
source and, in some cases, it may be necessary to dig a ditch and
insert the shore side sections of the booms in the ditch.

* Some booms utilize synthetic beads as a buoyancy medium.
Should the boom fabric tear or otherwise fail, the buoyant beads
escape and float on the surface of the water. Problems could be
encountered if the buoyant beads were to be drawn into the
intake of the response craft and thus incapacitate its cooling
system. rendering the vessel inoperative.

6.2.1.1 Standard Configurations

Boom manufacturers that provided data for this handbook are listed in
Appendix A. However, the list will be changing. since the numbers of manu-
facturers is continually increasing.
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III additinll 10 their CL1llliilcialt linies of eqtiipillerlf. Tiilaiil plaiits lia1 c
fabricated their own "one-ol-a-kiiiil booms.1 SuIcIhoon)is railee' tr-Om tile inlter-

coiiiectioii o1 old pihnels. telephonec poles, and wooden const rurction beamis eit her

attached to or withoutt a suipporting! skirt aid frechoard struLcturc. Sonmc t\pica!

c ross sect ions ot' con ta inment hoomis are illuist rated inl Figures 0-3 andl 6-4 am

Appenldix A con tairns photographs of' various conin menit booni s.

Whenl Joining~ dissimrilar boom sections together. tile following hac-tors should

he taken into0 considlera1tioi:

" Splicin.- of' flexible skirt materials can usually he aCCOtrplislred h\

clanipile (t wo hatItens bolted toget1her I. Rigid-skirt ha rriers

rveierall\ have flex ible joints at whichi a splice canl be made. It is

uIsually' possible also to make ani effective clam ip between rig'id anrd
flexible material.

* Use of' lighlt weight clamps is ig l desirable. Where- necessark.

flotation and ballast 11us1t be added at the clamrps. so that tile\ will

float ini the same posit ion as thre barrier and not1 cause ank momen1-It

or weighit to distort the skirt t'roni its normral position.

* A splice initroduLces a "hard"' spot into a flex ible skirt. PrecaIt ion0s

to prevernt daniag"e dluring flexing arnd cycl ical loadirng irncluide

evenly distribultd clamrping pressuire, rounded corners and edges

onl solid components. and avoidance of am~ project ions or irregoL-
* larit ies which might act as local stress-raisers.

* Thle critical point Ii splicing dissimilar sections is that one sect ion

should riot be restricted h\ all adjoining section tromi being able to

float at its intended depth Im iiproper location 01t thle connect ion

between sections carl result in un rdue stress being placed inl tilie
areas where tilre\ ire joined anrd, perhaps. reduced performance of'

one or both sect ions. It na\ be necessary to Use a specially

designedL transition p~ice between tile two sections to avoid this

problem.

6.2.1.2 Boom Utilization

" ' I)'II O Bom (Scc Iiiwurc 6-50

The U-shaped booni is applicable to moving. slicks drivenl by

cuirrent or wid. It is pre fera ble that tilie booml be stat iona ry a nd
that currenit arid w irid nioveel ~t be uised to en trap tile slick. Thiis

con figuratioin Carl also be Used with -i'active mloors.' t1 hat is. w ithi
craft holding, tile barrier or towing the barrier as a sweep. If a long
length of' hrarrier, i.e.. multiple sect ions of' barrier, is reqired for

large d isch arges, in termed ia te moorings sp~aced 1 00 to 15(0 feet
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FIGURE 6-5 BOOM UTILIZATION
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feet apart are required to keel tcnsion strccss in the harrier below
the 'trcength limit,, of its material. lhi COIllilFL.Ition is- CtlectivC
onl\ for the duration of unidirectional llows.

Some barriers are "'one-sided" because tlch main tension member is
not ill tile plane of the barrier, or because ti flo tation is

unsiymmetrical. lhese barriers must always be oriented properly ill
regard to the spill and cannot he permitted to reverse themselves

in a reversing current.

0 L . ir(/lijtg Bim m (Sc, Fig,'urc 6-5/i)

For spills from a continuing point source, or ill a varying or

Cyclical current, or of limited area, or in zero current and wind. it
is desirable to encircle tile spill area completely. Except in rare
cases of no current and large spill quantities. it will be necessary to
use multiple moors to prevent the barrier perimeter from collaps-
ing. Both normal end moorings and backmoors will be required.

Backmoors must be attached in a manner to maintain the stability
of the barrier. Part of the perimeter may be formed by a shoreline
or a ship. Ai encircling barrier is applicable to a damaged and

leaking vessel.

Il tile latter case, it the leak slould be low in the underwater hull.

it may take considerable time and distance for tile leak to surface.

The boom must therefore be positioned to compensate for tile
time and distance factors, so that the chemical discharge will not
c¢ape under the deployed boon]. Il brief, the distance of rise and

the depth of the hole in the stricken vessel mutist be known to gage
the desired position of the boom.

* Dicirciomarl 3iu,m (Sc( I izirc t,--5()

In cases of currents above tile boon)-retention capability, it may
be desirable to divert a slick away from a vutlnerable shoreline or
fixed structure, or to enide it into an area where it can be

controlled and collcctcif. ILxperiencc has shown that when span-

nine a river, the boom should be angled at approximately 50
degree,, to the surface water flow. Fhis action reducs tile head-
v,'avc presstrC and current vlociti , ctinp on tle sutibllerged scc-

tion of, the boon. The angling of the boom can ASlo divert a
surface ;lick away from a critical or damage-vulnerable shoreline
to develop a concentrated sonurce of collection and recovery.
Multiple mooring,, will again be required to maintaill the harrier in
a reasonable title or cir\e.
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In some inshore coastal Situations the boom can be anchored
ashore and to an offshore vessel following which the wash from

one or more of the ship's propellers can be utilized to dire'ct and
entrap the surface slick in an angled barrier. In a similar manner
diversion tactics, using a piston film or surf'ace tension modifier
can be employed to direct a surface slick away from critical areas,
such as recreational beaches and rocky coastlines, to an isolated
beach for damage reduction and simplified collection. The owner
of the property should, however, be consulted and permission to

use the property should be gained from the owner before diverting
the chemical onto or near his private property.

6.2.1.3 Deployment

Deployment methods vary, depending upon the characteristics of the barrier
and of the situation. Barriers may be launched from piers, the beach, barges or
ships. The following points are important in planning the deployment.

a) All splicing and adjustment should be performed prior to launch.
It is easier to work on a dry platform than from a small craft;

b) The barrier must not be permitted to twist (corkscrew) during

deployment:

C) Continuity of skirt and strength members must be ensurcd:

d) Mooring connections compatible with the barrier structure must
be available:

e) Most barriers can be towed effectively from one end at low speed:

f) Barriers may be temporarily moored at one end and permitted to
stream,

g) Provision must be made for lighting the barriers and moorings

during hours of darkness since they can be an obstruction to
navigation:

h) In very shallow water, or at low tide in the intertidal zone where
grounding of the barrier may occur, barrier stability will be im-
paired and the barrier will become ineffective. Unless it is artifi-

cially stabilized, leakage past the barrier will occur at such places
and times: and
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In deltployment of a barrier section, it is usually best to moor one

end of tle barrier in a predetermined location. The other end can
then be towed to a second predetermined position and the second
mooring set. In full currents, the full tension will develop in tile

barrier as it is extended and a craft of sulticient tow force will be

required to position the boom.

Seasonal current data should be known and are available from the U.S. ('orps
(f i ngi neers. Simu ltaneouslV, the U.S. Weaither Bureaul can readily provide

historic and average wind force data. In any event, current and wind forces should
be overestimated rather than underestimated to ensure that the boom will

pertorm et'eeCtively. It should also be stressed that the OS( should consider

deploying available booms while waiting for a cleanup contractor to appear at the
re-spolIme site with additional eC(Lliplllent.

Boomn deployment sites should also be selected on a preplan or response

basis taking into consideration sites for maximum protection of water intakes and
agriCUltural irrigation sites. ('lear unrestricted access to tile boom- deploynent

sites is of paramount importance. as is tile attitude of the property owner toward
tile passage of pedestrian and vehicular traffic over his property. Whenever

practical, bridge" locations should be used as boom deployment sites since bridges

provide a stable work platfonn and since the bridge support structures can he of

assistance in supporting the boom against current and surface water velocity.

6.2.1.4 Floating Boom Deployment

The physical limits oil the capability of booms to contain floating chemicals
are severe. Nevertheless, boons and barriers are useful in guiding and diverting the

passage of these materials.

The velocity of flow at right angles to a section of boom determines the
barrier's capability to contain tile material. If the barrier is placed at an angle to

the flow, the velocity component across the line of the barrier is reduced. For

example. if the barrier is 45 degrees to the flow, the velocity at right angles to the
barrier is equal to the basic velocity times the sine of the angle, or 0.707 times the
basic velocity. If the barrier is effective in containment at a velocity of 1.5 knots.

it would prevent passage of the chemical up to a velocity of 2.12 knots when

placed at 45 degrees to the flow, and it would be effective up to 3.0 knots at 60

degrees.

In laying out a barrier, it must be remembered that the barrier will not lie in
a straight line under the load of the current. Since, the boom's capability will be

dettermined by the largest angle that it acquires. it may be advantageous to use
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multiple imoorings alon tile length of the boom to kccp sections from attaining

larger than desired angles with respect to the current.

This type of application is usefl for the protection of shorcside facilities in
currents along the shore. They can be used to force the slick offshore when one

end is anchored at the beach and the other in the stream. Another typical
application may be to divert the slick into an area where reduced currents exist

and where it can be contained and picked up. This type of application also is
reasonably simple since the barrier may be launched from shore and only linited
use of small craft is required to carry the moorings into position. When consider-
ing a barrier for this purpose, careful consideration of the cyclical tidal currents

must be made. The barrier must be set for the highest velocities expected to be
encountered and may require resetting when currents reverse themselves at high
or low water. It may be feasible to set out two series of inoorings, one for each
direction of current, so that the barrier can be shifted with minimum time delay.

Another obvious use of a barrier in this mode is to block off the entrance to

a body of water. Provided the currents are sufficiently low, a barrier may be

placed from shoreline to shoreline. Marinas, ship berths, docks. inlets and small
bays may be susceptible to such treatment. In this and other instances, care nLust
be taken that the barrier is properly oriented since some barriers are "one-sided.'"

that is. unsymmetrical and unequally effective.

6.2.1.5 Mooring

Mooring forces for a barrier are the same as the tension forces and arC
functions of barrier length, draft, gap or opening, current velocity, and sea state.

Most barriers have limited reserve buoyancy and cannot sustain large vertical

mooring loads at their ends. Long scopes of mooring line, resulting in a low angle
from the horizontal, may be adequate, but it is preferable to place a float or buoy

between the barrier and tile mooring to absorb any vertical component, and. in
most cases, a terminal anchor chain is desirable. For example. a scope of 5 on a
synthetic fiber line implies that the vertical load is about 20-1/2'' of the barrier
tension or horizontal mooring force. For a 1000-lb force, a 204-1b vertical force is

generated and a body with at least that buoyancy is required. About 100'/ reserve
buoyancy is desirable and therefore a body with 400-lb total buoyancy is
required. This might be equal to a spherical buoy of about 30 inches in diameter.

Any type of mooring suitable to the bottom and to the expected loads may
be used. Ship or craft appropriate to handling the weight and configuration of the

moorings are required for setting the moorings which might include patent
anchors. concrete blocks, or any other readily available weight.
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It' the position of the hlrrier huis to be shifltd priodichlx it is easier to

emllace mooriig, ;:it all itCquicl altrnA tC ltcuAtion's Mid t0 shift the barrier

between them tather than to pick up and reste th llUo- s whei the ,anrii is
cha needl

On1shor'+++1e llotnl'itllg ccu iliuCit cantl be aIS Sitllplc aS tile neCarCst tree d ris ci'

stakes or pipe. or mushroomi or I)anfOrt h-ty pe anCehors which iin ust he careful. I
positiont Z1id and dug in to cain llaxinilunl anchora-C.

Two characteristics frequently present problems:

a) The sea surface c'ecl rises and fa'lls with tile tide. whereas" the fixed
object remains at constant level:

b) Surf or break nug waves phicc undue strain on the floiihit ug b Irriir

an11d IedCe its effectiveness.

Iln the absence oef tides, tile Cnd o1 a barrier can be clamped to any section of
a reasolably straiglit vertical or inclined surface. Tension members inua req iuire anl

additional fitting ( Isuch as al cveboltl for attachlment. Oil man-madc structures.

welding or bolting of fixtures. such as an angle iron, is Isially feasible. As

previously described on open shore areas. a wooden Or metal terminal fitting
usually can) be devised 'ind this ifitting may then be guyed to natural objects. such

as boulders. trees. or "deadmen'" iS Used to anchor power dld telCephonC poles.

In tidal areas there are two alternatives. If there is a straigit crtical section.

[ guide may be affixed with the barrier attached to a slider within tle guide.

SuflticiCnt tflotation mlust be provid ed to abSorb tile weigh t of tile Slider and to

provide the motive force to overcome friction when the water level changes. If

the're is no sucth convenient plae. the barrier must be brolght to the high-water

mark where it can be terminated. In thi, cIsC, the sections oIt of the water At low

tide will require artificial support in the iiat Ure of strts5. guys. or other

objects for the periods when they are not Inull immersed.

When waves or surf exist. tlie harrier inList reIa in flexibilitx to con I'ori to

the wave profile in mist be oriented normal to the wave crests. ('oinpl iancM of

tile barrier greatly reduces the stresses imposld nild. in sCvere cond it ioiS. is tile

only preventat ive to destruction of tie barrier. At best. the effectiv eness of such

measures ind tile lldl.ralice of floating barriers nt tider the se coIlditoltis arV

q Iti t iiti bl.

Ii the case of shtips. if' the vessel is afloat no tidal differential between ship

and barrier will Occur. lowever. the draift of the ship may chi angc as cargo is lost
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Is (1tt-loaded.ol 0iircctattaciiiiiciit of J f'ixtureC1 tile 11uh1 1M% lhe lnrc a
C iii ie cd l'i\tUIir COLIkil perhaps bhtheldacainsi heihul11b1.111eh n lilies and

.~Ix5II thil 1ietiIOIi. sonIic adjLstIjienIt ill liCielit ( I the li\tr LVcold le iiiade t0

keep) it inl pr-oper position rel.itive to tile %vai.. hue. Inl soilic past resp(IIse aIct 11)1).

IiUMAeiitC aiICh)rsP ittaCJCiil 1 h th O boo 1kan tile ship) lual 1have beenl effectixC.

If' the vessel is liiuvartudi.it wvill 10t nIOxe With the tidle and thle
SituadtiOji is aiiahOUOus to that oh~ a ixed of)lcet.

Coniphete encirclement is possible inl manyl ship) situations. thuLs prICCIuidiiw

the probilims asSOCiatCLd withl coiIInectliW a barIrier- to tile slii's Side. Approxi-

niately three tilles thle lenthil oh' thle Ship is reqn~iredo f'or t'niI lIcirlementIII.I
tocthicr xvith an aippropriate numhcr of' 110loing (,I m lininuIn1 oh' lour) to keep)
thle barrier 1rum the ship's sides and enlds. 'Ihle Liutiltv oh'barrier avilableI
becomles a taIct or in deciding betweenl enc ircemen t and aIttachmlent.

A\ tkicai, situaion1 is thalt o1' a storm draini containait inc, navigable waters
wxith a ha/ardIoLs maeria. Inl this, caIs it is desirable to placeC a1barierarond thle

on th'all. Twvo end attachments are req ii iredI a[s wei ias moorings, to keep) the
barrier cX tendedCL and to brace it aigainst long-shore currents.

No) ixd Ruiles coVer- A tile p)ossible si tuaZt ionS thI at max be e neountered~
xwhere iloatimi, barriers inay be nIseUi A gea t dea iOf on1-SCeneC ien nit v max bhe
requLireCd to en1Snre thadt thle barrier-to-shore attachment is tigh1t. that adIjus'tlenlt to
xairving waIter levels is madeLI, and that the speciail proba. ins of' wave aIctionl and
relative in otio ii are Overcome.

6.2.1.6 Reversing and Backmooring

A ''i.J-sIuiipe i brrier xwili lose alll tile substance it contalins xxilii tue current
reverses. At tempt ing to re-orienlt thle barrier at thle exact moment of' slack woater is,
impractical. The accumtiiated subhstanIce in)stead~ shonid he reCstrineI~d hx an
additional Opposing barrier xWihichi conid uSe tile same1 illori lies.

When this is done. the f'irst harrier must be kept near its origiiiai shape) andL
posit ion to prexen t the slick f'roni beig suitieCted on t i'l)1 bet xeen tile two
barriers. For this purpose one or more moon iigs onl tile backside of' t iie first
barrier can be Used. These mooring's canl be lighter than11 thle malini mloorinigs ais tlie
barrier xwill nlot be COntlicuWred like or- iaided as imeavilx zis ill it,, forliiil operIt ing

poi)it ion.

It- it is desired to rec-orienlt 'oie-sided- barriers iii a rex ersing fioxv, thle

barriers have to be phvsicalix turned cuid-lbr-end betxveeli tile iulooriiuis. A
twi)-sidied barrier mlay he permitted to move aIcross to a reversedI positilon

xx ithou t sxitcing enids.
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6.2.1.7 Joining and Splicing

Vhen multiple sections of barriers are joined into a larger barrier system.

con tiru itv of strength between mooring points and retention capability through-
out the s\ stem lust be ensured.

\\hen multiple sections are a rranged sidC-by-side with adjoining ends moored

to separate (or common) moorings, there is no excess load and strength problem.
The respective skirts, however, must be joined at their ends or any existing gap

must be closed by the addition of a short portion of harrier.

When multiple sections are used to make up a longer span of barrier, the

tension members as well as the skirt uILst be continuous.

For sections of the same type of barrier, the tension-carrying members must
be identified so that they can be joined effectively (spliced, shackled, tied. or

lashed).

Since various barriers carry the loads at various heights within the barrier.

care must be taken at transition points so as not to introduce upsetting moments.

6.2.1.8 Effects of Debris, Flotsam, and Jetsam

Debris, either as a direct by-product of the casualty which caused the

discharge or as an inevitable presence in coastal and harbor waters, causes

problems in the containment and collection of a discharged chemical.

In currents and waves, floating debris pr-sents danger to those barriers which

include skirts or components made of light materials and plastics. Rips and tears

may be initiated by impact which can propagate and destroy the retention
capability of the system.

Most collection systems are so constncted that the collected material passes
through confined sections or orifices. Floating debris, including that stemming

from marine organic growth. tends to clog these systems. Pumps and separators
with high-velocity rotating parts may be severely damaged by these materials

diaphragm i)umps are less susceptible to such difficulty.

Viscous, non-solu ble so bstances will coat flotsai; complete removal of the

su bstaice will include the removal of the contaminated debris.

In those instances where retention and collection of a floating substance is

feasible, the removal of debris becomes a necessary function. In general, this
implies the presence of small craft within the retention area or near the location
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of tie collection device. Largc Iloating objects such as logs, piles and planks cal
be tO wCd out of the iumndiate area. Small debris however must be handled by
nets and rakes; to prevent re-dispersion it is desirable to remove the debris from
the water as soon as it is brought together.

Removal of collected debris requires:

* Suitable small craft of good maneuverability with experienced
operators. Where available, ramped boats with wells, such as an

LCM. are most useful.

" Equipment in the form of hand tools such as rakes, nets, tow lines,
grapnels, etc., as well as protective clothing and equipment for

personnel are vital requirements for debris control.

The debris must be expected to be saturated with the discharged chemical
and to present the same hazards as the chemical itself. All precautions for
personnel and equipment must be observed.

Disposal of the debris may require different methods than those for the
collected liquid. Separate off-loading facilities and transportation facilities must
be considered for this dripping mass of miscellaneous material.

Craft and equipment will require thorough cleaning and decontamination
after the operation.

Since debris is one major cause of containment, collection, and handling
equipment failure, some discussion on tile problem is warranted. Floating debris
stems from both natural and man-made sources. Tree trunks and limbs may be
carried to the sea by floods and high water, timbers and piling may be thrown
overboard. Smaller bits of organic materials may be washed into the waterways or
may pass through man's hands before being dropped into the water. Seaweed and
grasses become uprooted or go adrift from storms and currents. The infestations
of plastic objects now found in every port and every sea are strictly attributable
to man. Garbage residues. bottles and beer cans, and styrofoam cups also are
human handiwork.

The debris of concern is generally floating solids ranging from large objects
weighing hundreds of pounds and more to small pieces which have one large
dimension (such as straw, kelp, plastic sheeting, etc.) sufficient to cause clogging
and matting. Tile distribution of man-made components of this general mass has
increased in recent decades; unfortunately these items are less biodegradable than
the naturally caused elements. The variations in shape. size, and material greatly
complicate required countermeasures. Small items, for example. could be
macerated, but are difficult to screen; large items conversely can be screened but

not maccrated.
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In a response area, debris invariably beconicis iri\ed wit h tie discharged 'orb-
stance. Collection and removal aecLuire the problems of both. At the present time,
there are no equipments available to deal with these problems alone.

In areas of high concentrations of floating debris, some containment
measures in the form of nets and grates are desirable. Htandling of larger items of
debris involves towing or lifting, and craft fitted for these tasks are necessary.

particularly craft with a ramnip and/or well-deck onto which such items can be
dragged. Ltquipmnlet which operates in motion, i.e.. in a sweeping mode or
anchored in a current, may be protected by screens. Removal of the accumulated
debris from the collecting screens is accomplished by manpower. None of these
approaches is particularly efficient, but in the absence of better devices they are
necessary.

After the debris has been collected and accumulated Ol a boat or barge. it
must be brought ashore for disposal. The majority of debris, being of organic
nature. inigh t be incinerated. Open burning frequently is impractical because of
the water content of the debris. In view of its contaminated nature, the results of
burning, in the form of air pollition or damage to the incinerator, mutist be
investigated lest the hazards be further spread or increased. InI some instances, the
debris may require washing before incineration while the wash-water is treated the
same as the collected chemical. Inl other instances, the only solution may entail
burial at an approved site. Tile nature of the discharged chemical is a principal
criterion in making the selection of a disposal method.

6.2.1.9 Containment Boom Retrieval

The process of bringing the various equ ipinents back ashore will occur at the
end of tile operation, or under the threat of changing environmental conditions.
In the first case. the tile element is not pressing; in tile second case, speed is
important.

Floating barriers call either be picked Up by a tug. barge, or terlder at the
site: or the can be towed to protected waters and picked up at a later time: or.
they can be towed to tile site of a shore-based lifting facility or a sloping beach or
ramlp.

Light barriers can be man-handled onto a deck or onto shore. IHeavier
barriers which require power assistance (winches or cranes or hoists) are vulner-
able to dalage during handling. Forces applied iust be commensurate with tile
local strength of the structure. For example. the tension nember usually provides
a good lift ing point, but even here care must be taken that local attachments and
fittings are sufficiently strong to withstand damage. The identification of a
specific strong point for lifting and handling should be made as soon as tile barrier
type is considered for Use and hecoI es availahle.
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Tihe retrieval equipmlent ill all probability will be contaminated witl tile

discharged chemical. During retrieval, ships. personnel, and e(tiillent Will he

exposed to th1e su~bstancC: precanltions during tile retrieval operation, and clean-up

after the operation will be rClircd. Where a harrier is towed from the site

through clean water lor an extended distance before retrieval, the degree of
contamination may be reduced considerably. File availability of hoses for wash-

down during the pickup operations is recolllLended at all times.

Due to the bulk and relative fragility of most barriers, handling during

retrieval fre(uTtently is expedited by tle use of cargo nets or similar gear. Large
lengths of flexible barrier can be temporarily stowed in this manner and trans-

ported to areas where further cleaning, refurbishment, and repacking can be

accomplished. .xperience has indicated that qualified rigger or deck crews can

readily find quick and effective methods of picking up and stowing particular
types of barriers: it is of great assistance if an adequate assortment of handling

equipment and gear is available in support of these operations.

6.2.1.10 Boom Acquisition Factors

When actually acquiring a boom or booms careful considerations should be
gliven to the weight per foot to ensure ea:;y handling and deployment. The boom

should not be stored in a warehouse: preferably it should be stored on or near a

dock, and rollers or a chute should be provided for easy deployment. Towing

factors should be carefully considered. and every effort should be made to ensure
that each boom section in a iven area is of compatible joining design.

6.2.2 Other Barriers

6.2.2.1 Pneumatic Barriers

Pneumatic barriers use a screen of air bubbles (released below the water's

surface) to act as a barrier to the movement of floating liquids. Their use is

limited to calm waters and relatively thin layers of floating material. Off-the-shelf

items are generally not available, although systems can be fabricated quite quickly

from readily available materials. Pneumatic barriers have limited use for

emergency response. They are described here because they may be useful in

special circumstances where it is desired that the barrier not impede navigation.

6.2.2.1.1 Principles of Pneumatic Barriers

When air bubbles are released below the surface, they rise and expand as tile

hydrostatic pressure decreases. During their rise, they also generate an upward

water flow. When they reach the surface. they burst and join the atmosphere:

however. the accompanying water flow is diverted into the horizontal plane at the
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surface. This surface current flows in both directions away from the verticd
bubble stream and is effective in retaining or moving substances float ing at the
surface. The velocity of this horizontal current is mainly a function of the
quantity of air released (per foot of barrier length). Experimental and theoretical

investigations have shown that the improvement in velocity Of the surface current
ceases beyond certain depths of air ejection. At the same time increased depth of
air ejection requires a proportional increase in air pressure supplied with a
commensurate increase in power requirements for compression. From a conibina-
tion of physical and economical factors, a relatively shallow depth is usually

considered optimum. Similar examinations have indicated that surface velocities
above I knot (1.6 ft/sec) make bubble barriers uneconomical or impractical.
Barrier performance can be estimated in terms of a densiometric Froude number.
In stagnant water they begin to lose effectiveness at a critical Froude number of
about 1.2 where this number is defined as U/[ [gh (I-SG o )]V'/ I and where h refers
to the thickness of the floating spill material, U is velocity in ft/sec, g is the
acceleration of gravity at 32.2 ft/sec2 , and SG. is the specific gravity of the

spilled material. In waves, where orbital velocities produce increased local surface
velocities, induced current speeds equivalent to a Froude number of about 3.0 are

required.

6.2.2.1.2 Pipe Depth

Rising bubbles rapidly achieve a limiting velocity of ascent. Release from a
great depth does not increase the velocity at approach to the surface nor the
velocity of the entrained water. Therefore. there is little gain in submerging the

barrier manifold to depths greater than about 10 or 15 feet, or to the minimum
depth necessary to permit the passage of' ship traffic, whereas deeper submergence
exacts the penalty of greatly increased power requirements.

6.2.2.1.3 Anchoring

The manifold nozzles usually are small drilled holes. Even though the air
tends to blow them out, they are vulnerable to sand. mud, and marine growth
when on the bottom. In view of this clogging danger and the optimum operating
depth limitations, it is desirable to have the manifold raised above the bottom.

This means that the pipe system must have positive buoyancy and be anchored to
the bottom. A two-legged moor will prevent horizontal sway of the barrier: the

larger the buoyancy of the pipe (when in operation and filled with air), the
greater will be its resistance to movement in currents, but heavier moorings will be
re(luired.

Alternatively, the manifold may be suspended from floats at the surface. In
this case, a number (a minimum of two) moorings are also required to maintain
the barrier in place.

6-26



The spacing of the moorings - and therefore tile number of moorings

depends oil the physical strength of the manifold pipe, the distribution of

buoyancy, and the depth of water. Because of the requirement for emplacing the
manifold at a particular depth between the bottom and the surface, the system
must be adapted to the part icular location before it is deployed.

6.2.2.1.4 Configuration

As generators of a uniform current over their length, pneumatic or bubble

barriers have most frequently been used in a straight-line configuration as a
closure across a harbor entrance, a dock, or a channel. They are not particularly
suitable for use in motion, as when they are towed as a sweep, although this mode

has been tested. Furthermore, as an active device requiring power and attendance.
they are most appropriate for operation and use from shore.

6.2.2.1.5 Additional Benefits

A bubble screen tends to suppress small waves and some installations have
been used for this purpose. The decreased mean density of the water in the way
of the bubble sheet, as well as the vertical velocities induced on either side. appear

to disrupt wave propagation. These installations have met with varying success.

.Installations similar to bubble screens have been deployed around ships and

fixed shore structures to prevent the formation of surface ice. The induced
vertical velocities bring warmer water from the depths to the surface. The

temperature increase as well as the motion suppresses the formation of surface
ice. In limited form, these screens promote a mixing action in the vertical
direction and may find use in this respect for certain types of response action

under adverse or very cold weather conditions.

6.2.2.1.6 Pressure and Volume

Hydrostatic pressure, which must be overcome in the delivery of air to the
submerged manifold, is approximately 0.5 lb/in.2 per foot of water depth. For

example, if the manifold is 20 feet below the surface, the air will emerge at a
pressure of approximately 10 psig or 25 psia.

6.2.2.1.7 Quantity of Air

The induced surface velocity which controls the effectiveness of the barrier

has been found to be related to the quantity of released air by the approximation:

Una, = 1.5 (gQ) 1 /3 = 4.8 (Q) 1 / 3
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where Q is ft 3 /sec/ft of harrier length and g is the acceleration of gravity at
32.2 ft/sec 2 .

6.2.2.1.8 Power Requirements

For an ideal adiabatic compression (no heat exchanged to or from the air)
the horsepower required is:

11P = 0.225 QI(p 2 /p) (0.286 _]

where Q is ft 3 /mi and p is absolote lb/in2 .

For an isothermal compression, the horsepower is:

HP = 0.00436 P Q In (P2 /Pi

For very low pressure ratios (r = p2/p, ). the horsepower is approximated by
0.00436 (P2-P l) Q-

6.2.2.1.9 Efficiency

Tests conducted by the Shell Pipeline Corporation (E.A. Mil,. Ocean In-
dustry. July 1970) revealed that current forces cause distortion of the air bubble
plume as illustrated in Figure 6-6. This distortion creates a flow pattern which
gradually allows an oil or chemical slick to disperse through the bubble curtain.
When viewed from above the water surface, the slick appears to be retained, but
droplets are torn from the bottom of the slick by the turbulent current produced
by the air barrier and they are subsequently dispersed through the air curtain.

MOUND
STAGNATION LINE //

/-..BUBBLE PLUVE

/"F/ From: E. A. Mili
Shell Pipeline Corp.

Ocean I ndtstry

Vol, 5, No. 7, 7 70

FIGURE 6-6 CIRCULATION PATTERN UPSTREAM OF AN AIR BARRIER

IN A CURRENT
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The OSC should realize that air harriers cannot be considered as readily
available off-the-shell items. Tie, are generally custom-madC' for a given area and
at Some industrial locations are pernmanelnt installations that cannot he utilized in
a portable fashion. It is possible, however, to fabricate a response barrier quickly
by using PV( pipe and a readily available internal-comi hstion-cllgi ne driven
compressor common in construction work. Such units are applicable to emer-
gency barrier use. They are selt-contained units which can bc selected on the basis
of cfn and pressure output requirements. When air volume and pressure require-
men ts in the mlanitold have been determnilled, the pipe and fitting losses usIt be
estimated. Manifold pressure plus pressure losses equals the required out put
pressure of the compressor.

Pneumatic barriers are effective principally against floating substances: hori-
zontally induced velocities drop rapidly below the surface. The barriers are active
systems requiring both power and attendance. Their capabilities are limited in
comparison to floating barriers. They possess a kirge advantage by not providing

any impediment to navigation. As such, they have been applied maailyv to calli
water situations, where one or both ends are shore-based. for continuiou s preven-
tive operationsand noi-interference with marine traffic. HI lhe case Of dischirges of
float ing situbstances, t hey maV form a useful method for providing barriers across
harbor, dock, or channel entrances.

6.2.2.2 Porous and Absorbent Barriers

The porous anid absorbent barriers depend upon a material with high surface
area to which the spilled substance adheres preferentially, permitting water to
pass by. They have been constructed mainly of oleophilic materials for oil spills.
held together by netting or a stnicture which takes the tension forces. !lld
provided with any necessary flotation.

There is no experience with these barriers other than for oil spills. Since the
effectiveness depends upon tile wetting effect of the spilled substance uponi tile
barrier material and its adherence thereto, the effects between the substance and
tile barrier material are of principal significance. In view of the multiplicity of
chemicals which may be discharged, and the probable applicability of only a few
substances to any one absorbent material, the practicality and utility of this type
of barrier are limited. Considerably more investigation and development are
required to establish and widen further use of these barriers.

The capacity of' this type of barrier is fundamentally limited by the absorp-
tion and retention which takes place within the barrier. The capacity of an

aibsorbent is normally stated as the ratio between the weight of absorbed sulb-
stance and the weight of the absorbent. For example. for a substance of specif'ic
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gt-avit\ 0.9), that is, for a weight of 7.7 Iblgal, at an assuined retention ratio of 2.
some 3.8 lOllnids of' absorbent material would be required per gallon of' spill. The
implicationls are that excessively large qllailtitiVs of ObSorbeiIt natrial would be
required for large discharges.

Retrieval for these t% pts of barrier is difficult. WVhile the barrier is water-
borne, its weight is Uniformly ditributed tild yuotf. When tle barrier i. lifted.
local forces tend to squec/e the absorhed Chuli,'ial out of the bharrier. I %e . whe
beaching such barriers on a gentle incline. Iouch of tile absolrbed chem ical is lost
due to gravitational effects.

Absorbent barriers are applicable to lion-miniscible I'loating chemicals. They
are most uscfl as anl ultimate line of defense to catch alny Iliinor leakage passing a
principal barrier, or to clean up small diischarges. They may be towetd as a sweep
at low speeds, but they are usel'ul only if tile absorbent is compatible witi the
spill substance. Retrieval iLst be performed in an area where the runoff can be
contained or controlled and which, in turn, can be cleaned. Disposal nonlally
involves cleaning the entire barrier section. -xtensivC man-handling is normally
required during retrieval and disposal: precautions against tile effects of1 the
absorbed chemical upon both by personnel and the equipment involved must be
)bservCd.

6.2.2.3 Nets

Nets are not specifically associated with chemical discharges iHut tiies mav

be LisefLil in the case of floating solids occurring in pieces of limited individual
size. Nets may be either strung between fixed points, as across d harbor entrance.
be towed in a "'U" shape (trawl) as a sweep, or be used to encircle an area Iseine .
Flotation Units will be required at the surface in all instances. Mesh size lIList

conform to the particle size of the discharged chemical. Too large ai mesh will
permit escape of the substance: too small a mesh will pick up additional unwanteti
materials and will increase the loads which must be handled.

The fishing industry is the principal source of nets of natural or synthetic
fibers. Compatibility of the netting with the discharged chemical mlust be ensured.
Metallic nets have been Used for special purposes. Their weight and stifflness make
handling difficult and their use for chemical discharges questionablt. Itowcver.
metal cables are freqLiently used with fiber nets as reinforcements antd tension
members. Nets are of particular use in the retention and collection of debris in an
area which has been contaminated by a liquid chemical spill. They may be towed

as a sweep or they may be moored within a larger retention area to protect a
collection device. Ii tie latter instance, metallic mesh nets suspendedtl frori
appropriate floats are effective.
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In all cises where nets are used to collect solids (either a contaminant or

debris), the loads on the nets and their moorings will rise as quantlities of the solid

pack at the net, and the effectiveness of the net will decrease. Periodic removal of

the solids will be required. This can be accomplished by closing the net (encircling

the material) and towing it away for disposal, or by raking the accum ulations

onto a small craft or barge.

6.2.2.4 Chemical Barriers

In the field of oil spills, chemical barriers have been developed which operate

by transforming the qualities of the oil at the edges of a slick by one or more of

three aspects, or by adding a surrounding filn:

a) Increasing the cohesiveness of the oil so that it can undergo small

tension loads,

b) Solidifying or gelling the oil into a semi-solid: or

c) Increasing its surface tension so that the expanding forces within

the slick are counteracted.

These barriers are formed by distributing (spraying) an agent around the

periphery of a slick. The barrier thus formed contains the slick and keeps it from
spreading. They are commonly called "piston films."

The slick remains free-floating. Additional means are re(huired to prevent

movement of the slick. The nature of the chemical barrier prevents any attach-

ment or handling method. The barriers are weak and can be fragmented h\ wave

action. They are iiseful ill calm waters for such purposes as containing spills. while

Additional equipment is brought to the scene. in keeping the slick from sprcading

under fixed structures. or in keeping the slick from spreading away from a

collecting device. No known equivalent agents have been developed for a sub-
stance other than oil.

6.2.3 Spill Herding Systems

6.2.3.1 Surface Tension Modifiers

Slicks of oil and oil-likc insolublc. lightcr-than-water liquids can be comitaincd
b\ 'llCmical IS ,vC as 1 physical barricrs. Ilie surficc telSion mo10dil Crs are higl

rri0lccular weight organic liquids which alter surface tension and which have a

sprcding force on water greater than that for oil. Thus the\ compete withI oil for

the available water surface a rea and confine and prevent ai oil slick from

dispersing. In their performancce the\ are the cxact opposite of oil dispcrsant,.
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(OIl herders canr he applied to tilc p)ollti1cd WaIteix axN al 'pra hle herder
Should be aipplicd at tire pcriller-\ 0ot the sp1ill andI ill Stach I wax% a1 to iInnVC the
Sp~Iill tiiile dICxiied direction. Bielow 30'1 it I" neeesxa1rx t0 p~-rewaIn thle ChI~cjca
to kNcep it li(quid. S reonrnc plcto xabout 2 gal'lincar mile.
Applicaition sh1OUld he IIadeI ax, soon after tile spill as possible. iiot only to prex ent
in irihe r spreading, bNt because herCr5IC becomeI less effectiVe ats tile Spillags
Helrders are inclfccc x or congea led oil spills, oil-in-wa 1cr cm itrlsion s. or inl

deirget-entainacdwaters. The chemlical has anl indef'initely long SlIClf-lifec. It
is iiISOIlric. bOIdegradablc (and hecnce makes ai 1301). .nd tcsts haxie inditied
tIhat it is nlot inljurliouS to biota it' uSed inl tile recoImen)C(led dIosage.

I lie Oil herders CO~kle:t anld hold oil slick,, for scxcral liotirs ind til, 1\ pc of'
cli1cirrica bd arrier Caii be use.l de sea-state corlkiiOiis xvleie the dIcphO\ iiierii Of
medccian ical containmntl dev ices is iriar.,ina I.

6.2.3.2 Water Hose Streams

T11c Use of' water hoses has prove n to he anl efficient incarns of' herding and
cotainling aI surfa*'ce slick to a Scecteif are .Carfutf useC Of hloseS is kkarran1ted to
ax id br-ca k i n ipl a id spreading- t 1w slick. I loscs have bee wiwsd xc r% c fled ix cI
to comiba stirfrce miatcrials b% rcw rsint-r thle IralA c1rr1crilt to aVOid sur1IfaJce
spreadd Anid ini remlov ing slick,, frorr in~accvssiblc locations Such as, under picrs. Miost
11industrial] 11lants IraxC c iuLIIrrcOis lrONC sctionls locatedI at i-pLlnt SiandpipIc Inca-
tiolis. Sonic facifities ranaIri ( adoperateIL their oxxir ;)llllruper. A\vailable har11bor
11irC bdis Can1 be of' tIrIca xaltic ar1d naturall.\ tile locall fire dcparfilict canl
fiiiiiixili c\tcliri c i[lrtit cx oif rose lin1V arid indiviiduas Who are well tradilcd ill

tilc 11xc of* lInh- and foxy-pressre~ hrose linc.

[Ic momientumn of' xwaticr cmrerg ing from a1 hose, suIch aS a fire hrose. canl hc
transf~ormed inito a so rfacc movemnent wxhere th st i rcarrm strikesx thre Sca so rfilicc. It
establishes a fanl-shaped pattern of' turblent,~lf aeraJted water with radial x'eloc.itx
Comniponeniits whnichn diimin ish irivcrsclx withI thneir d istanrce f'rom tlrc impact point.
One or miore hJose streamIs mlayr b)c used to Lenerai c sn rface currents iwxhichr prevent
thw Spread of' floating clienlicals in tilc direct ion frorn which tire lrosarc airried.
line, !rcater the puniping poxwer ivailble. tile 11tronger tire clIiTcrrt Wiclh max1 he

formed or tlw wider thle surfacc fHoxw xviclr nm be maintained.

Tbis. type of* response aipproach is Miost uixefil fuor tire protection of limited
fLlities aind areais. For exarmple. a usefukl application is tire prevent ioul of' oil
enltering uinder ai pilc-xuipported pier. lud-basd( puipiigeUriprInent. Or f'ire
ritniie. carl be usxedtl rom thle picr itself'. Another application lies inl tire protec-
Tiori Of coolirre watefr intakes A tire water suirfacc. When used to counter an
estsug current, a pairt icurlar po0int called thle rip) can be identiid xvlrer ie w

siii llextc'nrrr dissilates to ai degree xxlcrc it rno longer ox roirs thle basic.
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current. [or exmiple. a 3-inch hose tip aimCd hori/'ontally ad O)cratine at
100 psi will livc a distancc ot about 45 l'.t betwcen inlJct point and rip in a

I-ktnot currCnt in a 0. I-knot currcnlt this distancC will b ,On th order of'
'0(0 feet. The talanl .sul 1alk lics b)Ctween 80 ald )0 dcgl-eS.

N l\illltllli utili/alion of t1e hose ,tleall 1iII111.11tll]/ Occur ,,  w en air
losses a nd vertical component losses are minimized. This icans that the hose tip
should be fairly low and close to the surface: that it should be aimed near the
horizontal .1nd that the imllpact shoUld be at a low angle. lHigh angles of impact

C+Cas eC\cSSi,'C tulbUlelncc a1nd losses dieI to the vertical component of velocity.
F- xpericncec la deionstrated that the tip sIhould be set to avoid tine spray or mist
Mhich caLses high genergy loss in the iir pTortion of the trajectory. PreSslres below
those which restilt in coniac of the str a ' ilat the tip should be Uised.

Ships' fire l'igh ting systems may be used fr the same purpose. Fixed
monitors on fireboats. tugs. alld liquid carrie'rs Usually arc located as hilh as
possibl alnd therefore have Ilmite.,d Cffcctiveness. ht tlexible 1irC hose inistalla-

tions Which call be hand-held lnea+r the stlac. or it deck level, can serce this

p)urpose. Portable firc pumps (handy-billiCs, cll be plaiced on sma alll b 11t1.id
Used for this typc of protection. The general availabilit\ ot tire fightirg, equip-
ment both on board ship and ashore makes this approach practical !, r protection
of' limited areas or lines f' deLrC'sCe.

6.2.3.3 Ships' Propeller Diversion

Ili a similar manner, the Iprolellcr stre.am of a shilh iia\ be used to cencrate

currents for constraining or novin a slick of 'i discharged cllliciil. IHowever. a
ship propeller operates below the surface arid results in a turbulent . c\ lindrical
tlow with helical \Clocities. htius, it has a tendenc to mix surfl'ace layers of water

into the water column ind tihereby to distribute the chemical also. Snall boat

propellers generate smaller wakes, but are closer to the surft'ace and have less
deep-mixing effect.

When ia shil uses its main power plant tor this purpose. it cannot avoid
ge'nerating thrust J tihe shil mu1tlst be firmily moored. Moreover. mnoorine cear is

conventionally fitted at the bow of the ship and the rcsiltaint sy;C1m of' thrust al
the stern a nd restraint at the bow tenrds to be uinstable. Sttr anchors there fore

arc more practical bor this type of operation. but unfortil atClv are rare ly fitted
or. when flitted. arc only of light capacity.

This approach therelfore ctiails two problems which muLtst be considecred
before it is applied. First, the propller wake tends to be very turbulent and may
do dlamlLC by mixing the chCmnical into thme watcr column. Second.l the practical

aspeCt1', of' holding the Ship it] position and heading are dlifficull and permi it use of



hcQ s' 'tC In o0 11 nd I IIcr SpCCial c ,On)d itI ionS, alil inI Li h) t I V ISO aI Cr w Iicre a nchoring
is fcasihle. Fort chcemicals which naturally ,prcad throughout tile water Columnti.

suchl as thiose thai mlix with water Lir are about thle dcnisity of' water. tile incthiod

Ldtec' pro01 i a \ ot Of n UIrating dccpc r cu rr its than ilic Iiirc hosc sn rtac
currcnti mctiol. Ole \c locity of' cUrrc ni IlcaSUrcd in line with 1hw ship is
sSCntI0JlV a t'UiCtiOit 01' prOpcllcr RPM. 1)UC iotil 1 achoring or moor01ingi

r-cqu1ircmen Is. tile RPMI and horsepower gcncratecd by tile vesscl musi hc limitecd.

A tyvpical application in ight also take place when a ship is SCC Urcd alo ngSidIc a picr
headed toward Sltorc Withi itS Mike Uised to keel) a slick from crIcerin- t he slip. In
this Casc tilc shtip is SCCUrcd to tie p icr and thus is at a fiXCd hcad inlg tihlc strcength

of' t1w picr and t1e strength of' tile mooring lincs control tile amon~tit of' powcr
tilat mlay he applicd for gencrat ing aI current.

Thec wakc sprcads inl a slighitly conical shlapc: and tile tinrbU lcnhc gra.dknail
dissipatcs the rearward vclocity components. As with ihc fire hoscs, a pount tis
cveituallv rcaclcd where tile nct rearward vclocityv bccomes nczglic.ihlc and
bcVOnl wvhicht thc wake is intcffect ivc for this purpose.

6.2.3.4 Wind, Tide, and Currents

The natural metecorological and hlydrolog -ical cffects mlay he LISCd to adVanl-
iagc for floating chemicals. Winds zcncratc surface CUrrcnts which Ila\c a vclocitv

o' a hO It 3', of' the wind vclocit v. The d irection is closc to tltc wind d irectiion, and
in tilec Northern HeImispherc may lie up to 20 dcgrccs to tile right of' tlte wind
dlireciol duLc to tilc kman Spiral effect. Tidal currcnts, as givcn in hydrographic

publ~icationls, normally arc m~casurIcd at tilc watcr su rface. H owevecr. im m3any
enclosed channcls tiltc vclocity profilc varics greatly with dcpth. ail nay evcn)
contIain a reversal with deptht. Local information onl thtcsc phcnomcna is fre-
1.1iu tk Vailahlc and in tst be considcrcd inl tile cascs of chcmiicals (dist ributecd

through the \\ itcr column. Tidal currents arc cyclical. but inl many locations
inshtorc, thc cyclcs arc not syimcetrical. Lbb and] flood velocities and durations
may vary. For major harbors, tidal currcnt charts, uIsually' for 2-hou1r in tcrvals anitL

rela tcd to timce of high or low watcr, arc availa ble. These charts indicatec local
cu rrentis and cddics which might affcct the pathI of a slick or Wolume Of' pIo1t cd
water.

In rivcrinc situiations. thw tidal cyclcs arc supcrimposcd upoit a uni-
dircctional downstrcam flow. As thc location gets closer to tilc sca. tilc cyclical
tidcs bccomc morc pr-cdoininant and thce rivcr current cffccts dccrcasc. Basic rivcr
ctirrcnt vclocitics arc soict incstnotctl in li\ drographic publications. but tilc, tlend

to vary grcatly with scasons and currcnt run-off Conditions. Thce Corps of'
[nginccrs maintain rccordls of thcsc flows and arc a source of vclocit\ prcdict ions.
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I I p~~i. h'IYWiniii il i patterns comie Ironi the Wcathecr Service. Ti dalI

uiv ~iied n li\LlrL~rjpIicpulicaions. Ri~fr Hluws, MVr casureI-d by the
(lp ofP~U I ItLmjclV. All Iltist he r-Clted inl c!stimlAine file haLt nrc path o OClient ical

d llt1,rLcs, or rclClisCs.

6.2.3.5 Water and Spill Flow Restrictions

The movemcnt of' watecr in to which thle chemical is released makes Lou ta in-
men lt dAiff'iCult. Inl an inlstanIccs. the aIccomplanlu~g turIen~lIcc assists t he spreadl-
ing and dAispersal of' thle chemical. Therefore, anl\, reCLI nt ion inl \VatCr mo1VC11n~t
will aSSiSt inl con1taimliIent aInd pickup (except when the chem ical alreadLy\ is in
c:ontaict with senisit ive areas andI flushingL is dlesiredl)

Ini ,cneral. such a reduction of' water flows is not feaIsOihC. bUt in tile river
syst ems it might be possible. lDams and locks -and cven in somne cascs Llrv Ldocks

permit control over the flow. When dlownstream from SO1110 suIch Control point.
thcre exists an appreciable timie lag between the point when act ion is taken aind
the point when its ci tects are felt. Theref ore. earl'c investigation of such possibili-
ties is necessarx'. Onl the river systems, the Corps of' 1Engiri eers is responsible foir

suIch action and ile p)otetia actions shIould be LliSCuISSe~ With them. Likewise.
the Corps will be most knowledgeable Concerning the cerccts. line delays, and
SCCOnILlary effects Of anIction1S taen.

Ini some instamnces it mnay be possible to contain chemical LIiscliare between
two control points such aS Ldarns. The relative mecrits of' permitting thle material to
flow, downstreamn anLd Ldilute, as opposedl to co~ntainmnent at htigher concentration.
muIst be evaluated in tlae ligzht of' the env ironment. Ini theI case of, float ilnc
che mu icals. dispersal anLd spreadinmg aIs 0111OSCLI to containment InLd greater thIiic k-

I' nesses of' slick must be considered.

Whereas this type of' action will only be feasible in few instances. it nia\
provide valuable assistance when it canl be accomplished. Feasibility can be
established at ani early tirne in the response sequence and should be examlineCLl
whecrever possible.

6-35



- -U-- -

0-*
<0

~1 ct

0



6.3 COLLECTION AND RECOVERY

Potential Methods

Collection (page 6-37)

* Skimming (page 6-38)
* Pumping (page 6-43)

* Dredging (page 6-43)

Recovery (page 6-43)

* Separators (p. 6-43) 0 Storage (p.6-47)

Centrifugal Bulk

Vortex Drums

Linear Barges

Settling Tank Trucks

Filtering Tank Cars

Bladders
Diked Areas
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6.3.1 Collection Systems

li ultihate response is tlhe complete removal of the ha,,ardouls chlmical

discharge froin the water. (ollection devices are most effective whlen working in

high concentrations of the discharged nra teria I. Barriers are used both for holding

and for concentrating tile discharged chein ical. so that the collection process
becomes easier. I lowever. the storage capacity of barriers usually is small in terms

of the size of potential discharges. [hc harrier may not have sufficient capacity to

store the entire spill until collection corn mecees. herefore, collection lre(JL ent ly

mnust be carried oil at the same tille as the holding and storing process. The
barrier becomes a sir rge lank with additional chemical flowing in and some

chemical being removed: the amount of substance "in storage" in the barrier

depends upon the two comparative rates. In this case. the collection systen) is

clo.;ely linked into and defined by the entire spill control system.

The characteristics of the discharged chemical have major effects upon the

nature of the collection system. as shown below:

a. Solids lighter than These are susceptible to a mechanical scooping

water: process by rakes, nets. and gratings. If the solid is
in small particles, it cail be punped. using water as
the niedium. as a slurry into a tank.

b. Solids heavier than Since these will accumulate oil the botton. a forn

water: of dredging is indicated. The substance, together
with some proportion of bottom material, is

deposited into a barge or is pumped ashore as a
slurry.

c. Liquids, nion-mis- These will settle on the bottom and will probably

cible. heaver than adhere to particles of bottom material. Some form
water: of dredging is required to bring this combined

material to the surface and transport it away by
barging or by pumping it out as a slurry.

d. Liquids. non-mis- It is desirable to collect only the surface layers
cible. lighter than containing the chemical: various methodts of
water: selective pumping and selective adherence and the

use of certain absorbents are feasible.

e. Liquids. miscible: Where tile chemical spreads through tile water

colulln, collect ion requires the handling of the
entire mixture: pumping is indicated and large

puilling rates are required.

6-37

____i __.. .. ..__• I ,. tt l l ,



I

Since oil falls into tile non-miscible, lighter-Ihan-water liq uid category. this

group shows the most experience and variety of equiplIent. With non-in iscible
chenicals, the efficiency of collection is related to the proportion of chemical
picked up in respcCt to the total volume picked up. Some collection devices

therefore contain separation features which discard the water before it is actually
picked up. In other devices, separation occurs only after collection: in all cases,
some secondary separation treatment is req(uired before the discharged chemical is

disposed.

In all collection systems, it is a primary goal to limit the material collected as
far as possible to the discharged ciem ical. The costs of handling. storage, and

treatment increase rapidly when a large proportion of water is included in tlhe
flow. Collection systems are operated in unconfined discharge areas: within

discharges which are restrained and concentrated: and in contaminated areas for
cleanup purposes. These different uses encompass an extremely wide range of

concentrations of he discharged chemical. Both the efficiency (proportion of
discharged chemical to total recovered) of collection as well as the rate of
collection must be considered in selecting a particular equipment for a particular
task.

6.3.1.1 Skimming

There are a variety of devices that skim floating liquids from the surface of

the water. They are described in the following subsections.

6.3.1.1.1 Suction Skimmers

Suction skimmers operate at the surface by drawing surface layers into a

manifold or chamber through some type of orifice. Suction is generated by a
remote pump. The height of the orifice and its vertical position in relation to the
surface control the depth to which water - or a mix of water and discharged
chemical is drawn into the skimmer.

Except in completely stagnant water, the surface contains waves aMd varies
in elevation with time at any given point on the surface. To maintain the orifices
in the design position, it is necessary that the skimmer move vertically with tile
surface of the water. When wave lengths are small in relation to the dimensions of

the skirimer, this is not possible. When wave lengths are longer than skim mer

dimensions, it is possible to achieve a good response. Low weight (low inertial
forces) and a high-water plane area (large restoring forces) are required to achieve

such a response. High-water plane inertia is required to maintain the stability of

the skimmer (rotational motion), so that it will respond to the inclination of the
water surface and keep all orifices at the same level relative to the surface.
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The connection ifronl the skimmer to the pumlping ad discharge system

must not apply any forces to the skitmer which would degrade its rcsponse to
waves. Therelore, this systemI usually consists of IleC.ible floating 1ose which

applies neither weight nor torque to the skinimer.

The size of tihe skimmer must be traded off against efficiency in short waves.

lITiciency also is proportional to the depth of the discharged chemical: in dcep
layers. efficiency may reach 100; in calm water. Skimmers can be designed to
any size. Pumping facilities must be situated on some floating craft not too tar

t'rom the skimmer: their horsepower is directly proportional to the quantity of
water and chemical taken in and the head against which they work is small (losses

in tile skimmer and piping, as well as height of discharge above water level). When
dealing with non-miscible chemicals, the problem of emulsification must be ad-

dressed by selection of' valves and pipe fittings which generate a minimum of tur-
bulence and the selection of appropriate PuIMPs such as diaphragm pumps.

Suction skimmers can be designed with a variety of manifold configurations.
They can be used as a linear array along a natural or artificial barrier. Th,:y can be
incorporated into tile design of a barrier. They can be configured to encircle an
area, or they call be designed to operate as a point sink. They are subject to
clogging by marine vegetation and small debris, and therefore methods of protect-

ing the orifices must be provided in the design. or by adopting efficicnt opera-
tional and maintenance procedures. For small systems, hand-held heads are
available which are operated from shore or from a floating craft.

The pumps associated with suction skimmers nlllst be able to handle a
mixture of water and the chemical. Additionally, in view of the debris involved.
they must be able to handle particles of solids. Piping should be of sufficiently

large diameter to keep velocities (and losses) down, together with turbulence and
emulsification, and to preclude tile possibilities of clogging by debris, while at the
same time tile velocities must be maintained sufficiently high to prevent tile

settling out of solid contaminant particles. The pumps should be of a type which
do not initiate emulsitication. I)iaphragm pumps are of this tylpe.

6.3.1.1.2 Vacuum Systems

A related type of suction system utilizes a vacuum tank in lieu of a pulp to
induce flow into a collecting head. For small spills and cleanIp operations. these
systems are effective for recovering floating materials. Use of a vacuum tank
reduces tile miixing and emulsification problems and provides a storage facility for
the collected material. When operated in a batch mode. there is no requirement
for a power source and pumnp near time collection device: however, the tank must
be removed periodically for emptying and for redrawing of a \'acuurn. These
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SN stcmlS olsolall' arc fitted withl a IHa-cIld collccting head and act like a Vacuum11
clearncr. Their capacities arc goWDL crnc fwilc Si/c 01'filhe vacoIi in1 tank and. as, SnAch.

Tank t!--:icks fittecd withI tanks ot' applropria1 tcstrength arc fre(toen t ly osed inl
these systemls for cleanl.1 op purp)oses. It is p)OSSi ic to Use aLi air pI)A1p1 to Coll-

tiouooUSly draw down t 1w tank prC ssnrlc and a liIiqtiid porn pI to rc novc colicted
material, t hereby convcert in ile wSNStcl ii ito a cOn tin iiooS proccss. Most vacuum i
systemirs are coIstoml-bo liit ar-rai necnts stilte d to t 1w parti lar olecds I 11w LiUser.

6.3. 1.1 .3 Weirs

A lairge variety Of' Weir-tNI) p]Cki ciccrc availahic. ie most common weirs
arc circolar and attZaCLIc tOolC flk'totat ion s\ stLTi A d spIcciitc LIistalcc h)c low the
water surface at rest. Suction is rakcn at th c c ftecr~lrwi.Ilie loating
chemical passes over tlic weir and is drawil into the sLid il pipilig. Hicl Iliiht of
tlie weir ULisAial is adjiistalc so that it can bc set for the tliicknecss of slick and
nlat ire of1 the chercalt . Somceys u,'ACIS 11i1\ J p)lowl incorporated iiito the Iloating,

heaid: others requiirc I se.r1,ite plimlp at1 a remote location.

As in thc suictioni skimimers, thle position of' the device inl relatioin to the
ilStalltaleOLIS water sulICe IeC ci is cr-itical to thc c IficiecyI of' the duceiC and
anlalogouis loot ion response problems appear. Tlic pcrformance Lf' t he weirs, drops
rapidly woill ueii-'sime ,e~i state,S hot they arc less suisceptilcl to clogging than
sution skiminers,.

6.3.1.1.4 Inverted Planes

The p)rolenis, of mo1100 inlisiateli between l a collectinei- device and the sea
SLirba'i.c are reduced Inl A prpretry~eopnienl inl which a floatineg ,Ici ll
liver is depressed beneah tihe \%Atev siLit Jce0alon' an inlinelld planeC Mhich is

actuall\ the b~ow and uICIAdr ,ier hutll Oflfthe skilmiiie (Liit iseApni
JBF -skiinmerL. Ik dr-OStatic lorcesi,imkc the biio\xi .iia\ei rise intoj a oldimne tank
at thle end Ob theC p~li. 111C. i theC CO11te w il ins its lo\i ir~nti

direction past thle openinL, tmi the. In ldmuI iit,iik. I his dle\eI 'pmni ,I iic\\ hat
J1iiiaL'otmus to ali in\ erted %%Cer elIICcl

Thie deuceC is ill'oipolated h 1.1A sCIIlolrmped buOt liRIll. Ie rat e Of

collectimni aiid the stor,wo.e cap),iut\ 1irC bOilmll b\ tile 1111 dilIesiJoiis. Ii
cffccti~enecss oft the sstill iii w%es is, stl lco lCd b\ thle mlotioinrsos

of thet entire thsti.~e S%'01 steiii iia he iiSe(I as, d S\kCCep Ill cit~ icr a co1l1iiied or

iiicoiihiiedI diskeliareeC. It cM1i liiiidle ot mitt-luan-\ater lid'iiils aiiI p.110i-
late(l Solid,. thus it Lail also he 11,dIsll ite collectioul of 1t(lutingc ibs)orbeiit
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6.3.1.1.5 Floating Discs ard Drums

Several disc and druim deiccs have bceei used in oil incidClls. ThC depeVnd

ll)on a partially ininiersed rotor to which the cOlltallillallt clings, and f'rom \\ hich
it is wiped or sq icczed in the tippcr p'ortions of the cycle. Rotating drums co, crvd
with special foams as well as mu tipc discs have been developed.

All 01 these dCvices have some value. lin calm water and high concentrations
o1 con tallnalit thlev arec ITective. In most instances, however, their efficiency

drops drastically \\ i increase in sea state.

Tlese devicCs havC beCn devCloped on the basis of prefCrential wetting of'

various su rf aces by the viscous, non-iniscible oils. No information is available it
this time on the potential of these devices for the recovery of other chemicals.
tindCI Ohw presenl state-of-the-at,. they appear to have little utility for non-oil

diicharges.

6.3.1.1.6 Absorbent Belts

an e\t lesiolli ot, the rolatilIL drltLum concept, belts of oleophilic material
have been applied to oil discharges. In one version. the continuous belt runs
between two end rollers and (fie entire structure is partially submerged. in

another %ersion. a lon1 lengtll of ntrally I uoyant belt runus tree between the
collection dev ice (on shore or on a craft and a distant block held by a separate
nlooritlg.

In all cases. the belt runs between rollers which squeeze out the adhering oil
and divert it to a transfer pipe or holding tank. The limitations of these systems
lie in relatively low collection rates and the short life" of the belts. ParticUlarlv
when solid particles or debris become mixed with the oil, the wear at the point of
removal of the oil becomes great.

Since these systems have been designed and tested for use with oil. their
applicability to other chemicals is generally not known. For other classes of
chernicals other belt materials undoubtedly would be required. For substances
less viscous than oil, it nay be presumed that lower collection rates would result.
These devices may be useful for secondary or cleanup purposes, but are not
applicable for major discharge-collection purposes.

6,3.1.1.7 Grates and Nets

Net,, which can be used as barriers can also be used as a collection device for
floating ,,olids or for solids with a specific gravity of about 1.0 which are dispersed
in the water column. Tile collection function implies that there exists a relative
%,elocit\ between the net or grate and tie water. and that there exists a con-
tintios or intcrlmitteii t capability of removing the acctumuitilated material from tile

[let.
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I II I Il I an t t 11L. ,ulire atieI- ICL11 ( ll k.\ lcqIIIeI i t I t()k ie d IIIt l I ll Ing

\c it hcIe tilth e I t ~,I\ pe, t e..ar Ila, speel Iikil I\ been built for List ill diSv
11.1 eN. 114 t ilt'\ JIIlI(oI be kOlI1iidklel d , IeLAdil\, a\ailable tictliOd orI risonre . InI

,i"Ci\ \% hIw I k I hIk\ Ai I C d I t I\ n',C I i IbI the1 C ~I e t tie*' Il'( ihP elk,111 i'LL

N\ i il

~Iflek"hi Nle dIe, ICASCSc It) %k.1\ Smll iillik-ilimls. theC "IleIN approach thck
ptolmnN lhAll i C~~i 1 1 kIklI)t \k InchI 11,1 beeII appJlie-d 'or oi11 dlSI~cIagCs aid

Joi-og2 InI 11k I 1C lie 1111 ne eia Ii prob~lm.

\1i11%ii ItIl~d t. )chii onl ileiLCS iV havebee lit teId with i.rate,, lot, protectiotn

.xLntliebriN. tIii coninuLous1 remioval Of' dkccitInIIlated ilebri, Ila,, bcen a problem

Ill MlSt inIStancek,. ROtjtinI.!_ belts of, ncttint! or. LrateS are inv ariably IilCa\ andl
kcmIiesonict and have~ thcrctOr-C ShtlWf1l ittiitcL d a ~lOion inl addition., wh1Cn uISCL
ill Coillli.tll \kith ill oil-collection device, thiey tetid to pronmote cIMnhsificationl
andl rcdnICC tile C hliciC ncv of' tite basis dcViCC.

6.3.1.2 Pumping

Ili l m is and Most dIirect col lect ion system is a Pumplll Whose in let pipC is
iinicrSCLll ile 1 li(l id to be reloll . For tion-floa ting cemicals, w here thetre

ex\ists no pre mittn It or t 1w itnflow being takeni tomI a th in Snrt'acc layer otil]y. d

canno he t e consieredt at broadlyeueful mihi tod suibe oft alcoctain.e

l~i~~r t M 1I~~lSitbl t hobeaio o'tie isidigMcemca.It ue



I hiis [Ie t hod . Ile% Citeless, I, mnost i n Ipom( fo d-IaIII -tIischa Irges Uthat a ri cInist-it)I c

an I , f I h ca %ier- thIIa n- teCm-SI shzhItans I 1 d S-IIe(iffitie II SOf assemnh1bimug suitahIe

kXIIIMuponent (Si/V. weillilt, dvailabilit\ ,portabilit\ ) inldicate the difficultites Of
re-sponding to dischairges of' t hese categories of' material.

6.3.1.3 Dredging

IDredo1ing may b e required to remlOVe in1SOIlubCle chmicals that are more dense

than water from thle ho ttom of' the water hody. Dredging methods are well
devloed ndequipmllent mlay genlerall he avabale in those areas where thle

water depth would warrant their use. Dredging equipment and services should he
lis ted in the Regional (Con tingency Plan D)ata Base. Since chemicals tha t settl toI'1

tile hot tom may disperse due to bottom currents and/or diffuISe into the hott om
sediments with time,. it can be important to recover thle material as soon a fter the

discharge as may he reasonable.
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6 3.2 Recouvery Systems

6.3.2 1 stomri tors

III,' Nth IJJk Ill IkIIC.1LI iphl' NIIIIu' M I\'0

HIIN hiC ii I Li dhi i t I. I iii '. i

II 1k ) I1k,1 III \kI. I CI ii k' Io. I i'\ rhtN s IC I ihiht1 hi,'ih lot

-t 11,I ) N I C h l~ ,IJ lA *-'' II O i ll 11111 i L M t (] Lidt .1jk i o'.dithIC\

I ~ ~ ~ ~ ~ ~ ~ ~ ~ lotl III 11IIII it i lo'.1111111P" l"

Il t d Irc.11 Iti I k. k ", I. 1 I I I N C I I IIIIN k

m ol o l hi"I, )[1 111, tIII)III. 11 Il k'k NC IN lo I A )III ,1h C ITLL C t>k'



I )oACIOPIl.p I I I of nvc Ci :icjt1 skp)adra t( )Is I~ tis t p c . stIc II I I II I I i i I a

CI t11)i1Ilk'it I 1 tis t, pc \kill hc-coiic ' t~ilahlo-. I or Ilse inl d cc r l ispl) sc. it is
(cIi I I ii ti un Iou iJ Is IC II1 2o It It pLi antII )I l'rrc ms1C I1 C r.V I la I I ,Iort ahlc.
I litit portabic . Anid IlaI its ki, wil1t anti vouinrnc ho- KkTp it) J rIiirlliiil. 1-m wIw it)

a2nrlerspi~ist it is, I (irtiicriitrr tlcsirahlc to lic tilt sep~arator %ersitile. sor

tha, t it Call Itarit11lic lCemicals of vtCiCtravitv 1)(1111 siiiallcr Id lcc titan 1 .0.
I lie %% ic riflt~ot 01' con1clntratiorns wiki the s ortc\ roaist lian1dic prtsct's iiit1\

c C1oC Cill (Ie icscIpIuctIt prohlcns svIlich \% ill -Ct]lirC tituc or N0it ,Isidktor\ s0111-

File ortc\ principic alsoi has bccnl applied in Con JUnIctionl with othecr dICv jccs.

I or Ceaimple. it canl he Used With a, circlajr %%cir to prov0idce an1 i lcdll:iatc
coniccnitrationl ILIIictiofi A tile colcction1 d]ckiLcc.

6.3.2.1.3 Linear

For co tilltcnlcss, a furrther caISS 01' indns111triail cqttipnlCnlt mo-st Ibc rIICI-
tionlcd. File Hlow of nhli\t nr-C is dirctCdI 11011,U a loldcd linlCar Ihalilcd pathI khich
utili/Cs di ticrcnkc in Ipccil'ic Mrsi niL \iscosIit\ to scparatc two imimiscible

liqutids. lHC iistalato arc. laret. and jmoodi: thc. stifr fron tile samlc
drawbacks Inl R-1Nard to dishartcI111 rcsos am ol, tilie o1thei of~s

sc~para 1on equiiipment.

6.3.2.1.4 Settling

\N1,11 plant locations havc cstcns1ivc satcr-trcamIcnt plits. lagoons." Or p)ondLS
w~ith %Vast hLItiid aId SnSp)Cndcd-soiid capaciticsN. A nmlhcr of plants Aso maintainl
a -1panlC p)ondL vMhili is aCtullh\ a r*cscr\( watc.r-trcatilicnt ponld that can he

pressed into scrx icc inl tile CClit of a1r CIct-cccnc\ . sIch als anl ICCidCntJI kIiscCI'-c
tint illulit oscrtaj\ tile pait of h IlnOrnlall used wVater trcatmecnt facilitics.

An intiimate knowictuc of such tacilitics, can he of UratsaUC to Anl OSC. Sinlct

watcr conltainig suispcndcd clicinlicais canl he I)LmpICd to such p)onds where

prccl ital wIll inl tilllc rcsnlt Inl a natural SCparation O' tile kIccmical Mid tilc
tAcr. Ihle pnrnpirlt- problemrs cant hict he osrcorric b\ tHc utili/,ation of' con-
stitial suctionl ircdttinI tI il'irucut an1d 110,ati11L p)ontoonl dischargc,' linlcs Which:1
can11 K' positionIc(i to direct thc lid io al( I carh\ \te sJc s -atr-CAtICnt P)ond.
WhCnI thw loca'tion ,iiid depth of \t atcr permrit. IIIL \% hcn tile Ofcrcv tie

rcsponisc St arrailts suchd aCtiOll. thce I S.\rin\ Corps of I inginccrs* suction iiopper

drckigvs iia\ asist lit tlrc, rc.spoilsC I hocsc largoc sliip-shapcti tlctgc on iti pj

thl.c pollin ctl S 1c into thlirlarccptt Itt1ilL l1Itpcs. a11ti iaItcr tilt

ruit'litninacd \\T tcr .ili hbe tratilIcr-rocd to ,id it-tctnn ponid. or 11hC

win iicoul hi tirhhic dicitruct tt hilt IC iiic\t,\ to in oiilior01C locatio)l
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l3,iigLes lpro\Ikfe A Citl'Ilifit\ illoAi kii use i,, iitmLliks. liiIiiid CMirei
Imie es or ho pper birees. \Oli cli IiorfIlil ,\C Jiv iCipicitv of 500f to 2001 tolls. ciii
heC lusL, tl or this purpose. Add itioiy thlc c.11 be towed to iiichioraiees w~here
the settling~ process cail tike pfI(Cc M~CI e\tIfCdII( perliodsl. .\itlloIunc Lik ships ime
like\ ise stlitible fI'm suIcI J p)IIIrOSC. the Use of I)JIreeIs is loIr-e eCOiioiiueCAilld
pro(Mdes ereiter tlvxibilit\.

I lot.diuu1.ts"' f 60I vro Ssi/es, Used by the iiAv it it', 11)IudStrimi met i\lties
Jie Speciml f'1oit1s Used is settliiie (inks for oil. llie. hIwoe ml echseod mid mi-tinhi
top) to ium-Litii[M vie :il toI\ In 1 oIPCil liOttolil \Mhli PCi-Iliit MIIh 1 f ilte

seliriteCI \\itCr. Ibis ilnerted bowlI COIICIiLHYZ1iri 11i1n his hl tott -frll-
unlsCilliu.hrhm- e suibStInCes.

In ,ciierA i y mv ink can he. uitilized for ,cttliiiL- purposes. 1pro0\iLdCd it meetCIS
the ciii\requiremlents Mud C-dii he pro-(tected fron) 1otionS MIM hih old
re--iIJtmt the nuxituire. Railroad taink cars. Link trucks, stpa Lnks. indf stitioniry
tinks ciii All be used wheni convenient. This choice pro-ideCs coulsiderileI lititude
of i1ctionl when tile Spill response inludI~kes J sepi ritiolli probleml.

S~ttillIIsOuSpendIfCIIL suiid-COit,1miiufed wkiter c ill in KI CJSiv c hes e
expedited thr-oLu'h file uIse of' flOCCuhIuits1 Or COieiilts. SuchI lciiuicil mnd ph\ sicil

poesscim effect I t oriu chaitiie inl the disclimrge chcmicils so that lhex uifi
seteout or, he Filtered out more rilpidix . [he Cheimical idditives elminge the

finch distr'ibuted or' dissoled disehirgeL'd ChIliemcalS into I solid Or seilli-solid
form. or c.iuse them to muzglomermteI-A into lrgeC conuposite irJticles.

Inl either case, settlinu or other forns of reiuio\x ifbcomeis pricticAi. Tie

prcs- is initiated by the idditioll of' igeuts 'o tile iimliir thle i~tire of' lue
moenlt depends(II uponl thle type) of' dischiirued clemuiCl . 'No 'Wvislienlts Or
Coiiiplete set of agen ts exist.

Whemi such treatiment is feisible. requirements simnilir to those for scttfliiue

()-:tr Lirge VOlumeCS Imust he stored unlder tnlidisttirbed coiudlitimus un1til tIme

niturmi process is complete. Thme 1'iClity fur dIiStibu)tion Mud iim of' the i1-Cnt
miiust be sulitable for deeam- ineid tbr reimoval of' the dischireedcical inl its

6.3.2.1.5 Filtering

F iltering,. is ippklce mmiuly tou fine part iCLIte. nomi-suilmble solids. Ire-C
impait filters ire used iii the process IMIdUstries. but these ,ire not suiible for
ociiI- response use. Currenut developmenl~lts in1AMclue*efceuii"cniirto
xx humehi perinit dItfomIl tme sWitchuovwr immd b)ickiuushiuu wich mu[urn. permit
u.Oil till li's opei ,iimi. W~hiile filters kkl l'ei-it nimsg Of 1fi11Ch\ lximticuhlfe



S CO II id ILS, S these ceie all JOL Ithe CF iId )- ' I titr Collc tivn Wnt1111i0ti rse 0l he

Filters arc inl tli sanic po~sitioni as itany other separators ill thajt iiidLIStritl

equtipmnlit C\ists butt traiisportaihC CeqlpiiCnlt uIsabic Mt a disclhtaree Site does ri0t.

U.nless local plant flcilitics ill thle intIneditc Vicinlity 0o' the d iSClKIage canl he
lt iliteCi. thles1 Me thods arc 110t practical inl tOriII lalt i rfig response act in.

6.3.2.2 Storage Systems

6.3.2,2.1 Bulk Storage Data

For ariv discharge response inl which t hec diSChar11ed SUihStanCC is cO1 cctcd or

inl W\hiCli I i X t re o(' wa cr ancl dischiargedl chciemical is collec ted. it is neccessar\ to
store this mat erialI tcriporarik lv unt il it caii he removed for fnrt h r procesing,.
OhviouISlx thle larer thle ci nantit v of' material whiiichI is collecte th p i reat er is tilhe

prohbleii of storage. Funrihermnore, thle tv pe of' stora-e n1inS t be predicated onl t lic
lia/ardS of the Chemical or the iliXt nrc, such as tlanii ihit or fox icit.

Storagce facilities onl shore are gencrally rated inl terms of' their Vo lumc ( I
ctiM biloot equLas 7.48 gallons).

[anrkage inl Sihips iiia x be ra ted inl t eris (if cubic feet or gallons. but gross
cap ctc are (requen Us stattted in tons, wihichi is ex pressed a.,,s a ius it'h;reasr-

MCiet Ii.e.. 100 cubic feet -- I tori.

A notlICer Commo11n1 measurement) tiscd hothii in tanlks ali inl ships is iMad e ill
terms of barel capacity. The standicardi "barrel'' contains 42 gallons or- 5.6 I cbic
feet. The barrel jilcasure mciii is coiiirnlio inl the Oil ilnduLSt r\ a iid a barrel of' oil
may kveigh inl the range of' 31 0 to 3.50 poundcs (inet). One tonl is theref'ore miade up

Of' about 6.4 toi 7.2 barrels of' oili

It' the ciensit y of' a miaterial inl pounds per Cubic foot is decsignated b\ p. thle
followinge convecrsionl forn-1in1, la re aIvailable;

lbs/p = (cuI I't)

P(cuI ft) lb11S
tons) 2 24 0/p = (cui f't

(cii f't )p!2--40 = ( tolis)
(toils) 10,.755.2/'p =(gals)

(gals)I p/10,755.2 ( toils)
(ci t I t)7.48 =fgal 1,
(gadls,)7.4X (ciu I'll

(gl) p 7.48 = filbs)
fIbs) 7.48' p) = (gaIs)
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The desity of, sillt %Watcr is appioxiiitclv 64 lbs'cii It anid~ tor Itci watcr it
is (2.4 lbs cLi It .

('oliCC111ion, pumpn1)11g. Or prti0CCYsiIl2 IWI'S coil1101I lno i ac \pr'es~Cd as, gAlloo
peri munuitc (gpun I. or as gallons per sccond (gps 1. Air or- uits-liaiiiiL, c pip m~lCIII
coinuiioiils Iiscs cubhic feet per muuuutc Idcli) or cuiibc ('cct pci sccold I l I II

rct .crecc to tlie air oi- ias at ttnmosphIcr-ic prcsuc IArltiOlip rac\
Muile= VoILiiiic IN iisCd to dccM-11C mcSt0-oracrqiimit or convcrsc IS to tic-

tcrmun11c file little r-cquir-cd to fill it 1_1IStoragce \0oltuuic.

\ Iaior cheici ical Ii scliiargces arc frcqicn lv characiZcd intoil 101 , " or CX-

amiplc. ill thec casc of' tankcr casualtics. Ilcavy oils, including file cruide oils. has c aI

Npccitic Liirait\ of' bctwccnl 0.90 and 0.95 which iiicaiis o] thic oirder ()1 sh () 61
lI) CLI ft, Li(q uif'icd naitUral gas ( LNG I has ii spccific gr-asit\ 01 JIbout 0.45 Msiicli is

cquliialcnlt to about 28 11'lb ' fTh 11w ccif'ic gras it\ of ai munAl is, . baisi,
characteristic and can he found in) ( ( 440-2.

Ini the cawc of' particuilatcd solids. the dc Wit5o tlw malilcrial (IN s cci Inl
rcf'crenccs I is relatcd to thc solid mnatcrial onl . Whe icii,155ck orI Imxiagcd. 11w air

spaccs bctwccn tltc particles reduce thc mcanl dIciisi s l (1t 1)(1 bulk nitciial. 11 11t1c
qhuantity of' maIcrialI is giscl ais a nIrnu.'t. c10srso tos LIIIIics 1111st tac into
iiccounit this .tWdi(' Ithtor'. The' VoIlunic s ill cklUAl t IIw I iQ/I (11 iLci Ib\ i11C
deluiu Itumllcs at W~O Wgc ](,( or (ofI less tIa it I I. lw'11 suil crI lw part- ic cs oll
Ilia tcrual1, t lic closcr wiltI tlws' stoV ai Ilic closc C \OC) I Ii st)N\(5L' I" igc ti tor ) apri0,i11
1 .0: t ilit argcr t lwe mnatcrialI ch Iutks, tlic Illoorc spac c will K lost in1 stos auc and1o t lic
stoss'acc factor wvill bccoinc sNiiallcr. Ill sonlic ustanmccs. I ,icciliwal wkill h': 'hllrac-
tcri/ed ill stow cd condition inl tcriuof,0 cublic. tkc pcr tonl tOi, (Aic" Into alccouout

t h~~oth the dclnsjt of, thI utatcrial as. wcll asN its. sto\sacc (actor.

Thie calpacit\ of it storauIc tacilits ulias he Iliotcd c111it h\ Os LII sli O r bs
wciizht. Rail, Ituck, and ship licilitics, t'rcUilin l IV r%%cilt-lmtcl.s iilc sN01c

stationars, tans arc s oIliinIc-hunlcd. Whicrc svcichilt liunuita'tiois c\ist 1' r c susS-

pCctCd to cs~is 10th %kciizlit :inl sOLciiIc lor thc particular substiiincc must lhe
cailclzacd to idfcltits 11wc hlmits 1o whicII 11' Lacilit% HIiu tic (ilci. PIi is,

particularly noccssar% %%icnl IlC falcility is dIcsiLancd for N \\)Il ssilhbtNJIIcs ILIICitc
thanl ssatcr.

6.3.2.2.2 Drums

Ihcw st.incl(iit driuim his a capaicity o1 55 galn .>cii ft. I. i iddc oi licct
nctal., and is, tiscd as, at colnuinon shlipi co]IiIicr ('or at largc sict\ Of hlds. It

Is t1o(Ld that filic capdcito.( ll hismLird (117I is lirg2Ir HM)i Ih SLIcLF tunirt Io'
of 42 gallons. Ilarc wcvigLdt of I dru is ill thic ()In oI)() pounds~ too 5ouds



I lalildlifli.! Of 7-gl111111 dusIihi\ he aLX0oinlishedCL b)N spl)CiallVLdesigneCd (Ir1ill-
liandlin..! (Ic'.ices. sling's and hoioks, turk-lifts, mid pallets. T here aire flL) liand-holds
tittc'd on tile stanldard druin and 11an1-han11dling is diiliCUlt. The drumns mady he
stacked inl a vertical position or pN'rainlided inl l1ioital p)ositionl.

['lie fiIling/cemnptx'ing holes aieC LIsnLLyI Smal,. anld tnnnMCls, hoseS, anld pumnps
arc reqoired for handlinig the contents of' thme drUMS. Fillinlg Or empljtyingI by
eavitN is a slow process.

The 55-eal d rnIiS provide the basis for a large varietyv of' tenmporary and
make-shif't containers. With one head removed, or cut inl halt, they become al
versa tile vessel au ilable inl almost every inldustrial location.

Mlany solid inldu-strial ehenmica Is anld ma terialIs are shippIed inl cardboard or
.i berboard d ruins, some of' which approximlate 55-ga Ll (11ruinS inl size ( 2 ft d ia. by
3 ft Iii.lm 1. These containers have a short lifIe inl a dlam p marine environment aind
'Lre Of' I itedI usefulness inl a LIischargie response.

When ultiliZing~l 55-gal drumIIs. thle Oriii na I con1tents in Ist be determined.
[rle exists tile possibility of' a hiazardouIs incompatibility with the chemicals

whic inigli beput ii o th drm .These drums aire difficulit to claad it i

improba ble thmat a previouIsly Used 1 ruinl has been cleaned after its originadl Use. Inl
particular, it'fithe din1 in is g"ohig to be Modiftied by' weIldig or cLtt ing. t he Con1i pIe te
abIseceC of' explosiveC vap)ors muLst be verified Prior to anly work.

6.3.2.2.3 Barges

IBarges whi ch are avai labl ill inV nvsizeCs 311d con figlUratiomis aire a Iliilv

practical storage container class. Capacities upt to 1000 tonls or inore are common.
There aire tank barges. hopper barges, (leek barges, and other special ty pes. famik
barues aire most suitable for sturn ig liqunids. but hopper barges night be Used fIor

certa in tpes oif' collected ma terials. particularly if' thIese residu es cointain a
proportion of' sol ids. The IiLI til anks of' (leek ba rges, if' subdivided. eall ASO be
uisedl. Stab ilityv problemis arise inai lly in le-kne barge7s "vi111 onle contin nou1s
holId. sukcl as are comimon to hopper barges: st a lility vmulst hL'e xa ~ii ied beftore
suIcIhbarges aire Uisedl tor liquid storage.

Ili ll Cases, the veniting of, the tanlk coimpartments. if' Used With IVolatile
rVesid s L IIi ust beC e xam in ed. anLI t~l'hae laards aSSOCiat CL with Ithle vapors mnust be
(letermnmed. Thme advisability of' usingL internal coiibumstioii enilines on (deck must
be specifiedl. and electrical spark andI smoking hazards and t.it dalugers liii St
he considered aildL oo termLasmIireS ta kin as necessarv.
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Bai-es combine tile sI rage anid traiispcrtatiocn I tilictions" ill thle collectionl of
dischar-ed chiemiicali. Ill iiianly instances thie' also can provide a working platftormn
b'r response equi pmen t I puiips. separators. instru.111Inen ttionl Storagie 01' equip-
m1CIII and geCar, lil~ting" equipmenC~t. etc.). Ilcconventionl rctanlgnlar barge is

reasonablN scalworthiy and Sn itaicI brOl inl-shore- and protected waters: inl a scawa y
the f irst diii iCIN IKI usalyaiseS inl trying to tow the Ibar(ge.

Use 01' bMrUes il)ies thle reqIlirements icor:

* TI'S or' wor-kboats For mlovingI- thlebre

* Snitable heavy' moor1ings and bridles for- tile barge Onl site;

* Pum11ps and hoses Icor loading" and unloading the bairge: ad

* Provision 01' Methlods. to remove sIlICdges aind SOlids,.

Thie smaller barges are someltimles conlstruLcted of' ','od: Steel is thle mos0t
coilimon01 conlstrutil material. Ill all cases, thle comlpatibility of' the collected
miateria withF the bairge tanlk surl'des iMust be considered. Bare imetalI sn rfaces.
f~ittings, and f'aste ners canl be at tacked hN pitting inl a short time ( days)I by reactive
chemiicals to a deg-ree where major repair and overHI1 atlwoii d be rqiie

6.3.2.2.4 Tank Trucks

The ccommon tank truck is nIsed IcOr d istribnut ing pe)retimCII prodnuits and1L
hatiling other I iqnidsN ranging i'rom milk to chemicals to sludge. Special ccii gmra-
tions for hatuli ng bulk Solids ( Sugar, cement, etc.) are aivailble as well aIs thlose
adaplted f'or liI liids A low Or Iliigh te~inperat tres or tinder pressure or hothI.

liI iiwax limlitationls boundl the size of' tank trtucks to thme I 0,000-ga Il rangec.
btut larger. special-purpose vehiCcs do eXist. 01 Ofoir-se, thle SpC~il'ic gaity ci theI
niatecrial becomes imnptirta it. If' a truck deCsignedCL to hiighiway limiits IcOr a load of'
ga solineC A about a specific gravity of' 0.8 is filled with water, it miiigh t become
-5' overweight onl axle loadinlgs, even though the tank itself' miay be (Iliite
satisfactorV Unuder thle additional weighlt.

As noted ill tilie sectin oil collect ion systemis. it' a tanuk is capable oi
w\it Ii sta nil i g evterna/ p~ressumre . it canl be tised als a vactiuimn tank f'or colIlecting as
well as tra nsp 'rtimsg discharged checmicals.
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Tank trucks are soufficicntly cornnmon that detailed description is not neces-
SaiV. In considering the suitabilitv of tank trucks in a discharge response. the
following points are important:

a) Compatibility of the collected material with the tank material,
piping, and safety features:

b) Availability of road access to the vicinitv of the discharte site, if
applicable:

c) Truck filling pumps and piping:

d) Road access to the further processing or disposal areas: and

e) Numbers of trucks required to meet the collection rates (both

tractors and tank trailers, in the large sizes).

6.3.2.2.5 Tank Cars

Tank cars are used for the transportation of bulk petroleum products and
industrial chemicals and materials. Tank sizes range tIp to the 25.000-gal level.

While tank cars are eminently suitabJe for the collection and transportation of
collected chemicals, a prime consideration is the availability of rail trackage and
sidings where the cars may be filled and emptied. Except in large port or
industrial areas, waterfront spur tracks are not common: this restricts the use of
tank cars even more than the availability of roads limits the use of tank trucks.

While tank trucks are self-propelled, tank cars require locomotives for

movement. This, in turn, requires a greater co-ordination, planning. and schedl-
ing effort. As with tank trucks, appropriate and compatible transfer and handling

systems must be available as auxiliary equipment.

For semi-solids, debris, and solids, open gondola cars and hopper cars can be

used. A total response operation may therefore require a variety of types of
railroad cars.

6.3.2.2.6 Bladders

The concept of a flexible, towable bladder has been Cxtended to offload in

petroleim products from damaged or stranded ships. These bladders are filled
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I 11Clic shl) P \i he afloat and ark.- tow id lImi k to 5111rk loCI 1 ciii p1\ iiic. ~Soflic
hl.iddlcS 111d ASs()CidItk'ldce-\l fIlll1)s Cdli he tri-SlnrtCd anld de.-iL-jed h\ air.
1llCrebM IrlCtiiiii' ovelan~d Or Stlace',o slhim tr1'iaispotaltiOli.

Bh(IddcrS C'ili be' 11i i/eu for colecte-d liqulid spill illatcri'llS pl-MideiL!

a) Thei bladder fabhriC IS compatible With the dslaI~w clieilical. and

b) ilfe dischar-wd chemiical has a spec.itic. gravity oit lcss, thlini 1 .0.

As with barocs., thle bladders can bc fiilled at thle si te of' thc i llcidc t. awa \
froin the imminedia te shore line. Inl caseS of' dischage tr Ii Shlips offshor1e. at
anchorag'es. or inl major watcrw as. w here- the d sci rcd Cliial can ii or he
at tacked from shore. thIiis capability is Luaibic.

Under a similar conce~pt. iiiucliI SiiICr con)ltaancrs-, ar-C nalac~I*t1ierd tor
commercial and mlilital- rv Se, inl Si/cs Of Ltip to aboult 500-gaZl Caplac itv. ThIIe

reintorced rubber dn is can be li fted . towecd, or ro 1ld. 1-IlriitM arvUse w ie 

they carry fulCs and waZter. tlC e c it ted With Ii Ccia C tthng n t Vi g c:on nekc-

tions: the containers canl be l'it ted with othcwr conuc ct ions inore appropriate to thle

response Operation hard warc. Piping- and conicet ionl Collpat ibilit v is CSsen tia for
placing any suIch systeml into operaion inl mlinlimumll tiince. This, :OlllIpatihilit\

Should be ensured dluring the planning of' thle operatioin.

Bladders of' all types canl be Iiihrpractica inl rcspoiiscs to lia/ardous

chcic1al discharges. They are not inl w idCSprICad use 'oinl1-iiieri\ onl sIlk)[i

notice. however. existing governmecnt agenc\ stocks, \otild Jppcair to pros idc tie,

mlost iminined iate resources.

6.3.2.2.7 Dikes

Ire(luenlthv it is p)ossible to conlstruct storac aireas lor liquids, on shore hs
dikes. Thei Opeln ponds or lagoons, thus fornled can be built t0 conltain apprlciHhs
larger amounts Of' liquid thanl could be stored inl containers or tanks. PlIe dikes

usually arc constructed ot- local oil-site iiiaterials (sad ad soil anld gras e b's
Nulldoicins. bakliocs. and similar hecav\ construction eqiiipliiit.

l-ithle r the dlikes alone, or thle sideCS and bot tom oftfilie ponld are sol ct ilCs
surfaced with an imlpermeable sulbstancex (such als asphalt. or h- lit of' 1),tic
film )i to ircveri t seepage wlik1 iClIScs both IS loss ofstored maLtial anld wkensJ.

the dikes.

The cross-sctlional geomectry of' the dikes isl J funcion Of 1lie materialsN 01

which they are built. The wecaker the material iin shicim ) Ilth smaller innst be thme

angle ot'the Sides to the hori/ontal and the miorc miaterial is req Ure-d brt Ji LNis



licnclit ot tlikc. 11' a iikc :oic ol stolic ()r tiici stionp. hc\\iatcrial tan Ikv
,oiistr-LitCLl 10 AbSOFt) pIlr ot Ilic li\ drostatic 10111 id prCssiiic lORccs. Il l~lc of

cart' CA icn NIiC covciii can iliicascil ( oillpaclion ot the dikc iicriail I,,
&ilirlc nnIilICr IM Circ.'iiiistaiicc. andlsF~i ll 1ilmr pi oc )iW\idc] thic 1aic

iiiatc-rial Can hK ellcctitcl\ ~oiiitictC(II( 1to incCAsc "It tcncth1

Sinlpic earthecn likes c all hc tIo\% n1 tip ralpidlv withli iorilal oiistrliction
C(ilipilCiit. IcqiLiciitl LISCi Clsal l ht.atnral 0 11 IIAlcrsiis Or fic or parIt Of
thc enclosure. tIIl tx pc of' coiitann111Ilct lor larix' tIaIMilitics o1 collCCtcd i1AtCrial
is "lkll suitAlcCor iiiricic st.. ihuit ik stlhjctI to Ilii tlhl)\ili2- priOl)ICiis.

parIticuHIrl\ \ IWic anI IInI~lnCi. cart1C IicIiliCt InC I" iiscul

a) lki nlatra p)CrInICabIht\, 01 thc -,oil v ill pc!rmlit Iargc %olilnec of
c~artli to hc.oni c)itnihat, \% th Ilic colIlcctckd andtnc.ml

1) SCCpIgcI ina OLcor a11d Ilki 0Colcctc Cheicncal mIay r-cach thlc
uAt taIhic or othcr1 \\ atcr SOLIIrCes. or1 pca in) thc nadtnral

Blothi Of1 tlicsc Oc\I nxotIild r-cquiirc cxtcilsivc correct ive n1cWSnrcs which
n1icli t k001 i% cidl Ih, aduant-aII~Cs,0'L~l'ti of vpc of' containmcnt. Thc Inatnrc of'
hlik collcctcdl chicinical will 1l0rin1 Mn III Ortan"t p~art inl an cvaILntionI 01' thc LISC Of

aI (liked p)Ond hI*r a pi i-Cnlar1 diScharu-C sitnaZt ion spICCiallv inl tlc light of'
Cnrrciit protct i\c rcunlat ions wich prohibit anmlcacoaadossh nc

Whiile iikcd pond arc connnol\ nsl.Ckl ill 1ndnstr11idl pln as scthgponds
or collection ponds for unianIL rcSidiLics. tlC\ 1stal C a rc aCIk~l pvcparc d to
av*oid potcnitial sccpag'c and lcakagc. ihic sublsoil anld ISIbstaC .coilit ions arc
idCnIItlikc anld tlic ponld ConstRnctC(i ac:COrdincl'\. Ill a reSp)OIISC to a llaiardons
chiciiiical dischargc. lcspreparation Imic is, to bi c\pcctcil anil thc !-isks, bcconic
coInI'insnratcv gircater.

11k 11ic s of \i i pond" for iinpOiindinn 01CotICti iuIiatriil siltcrs from1

sititilkir risks. Sccpagc, lcaaccLI111. diluad ovCrIloW 011, bh prcxciltcil Furthicr-

iiiorc c\IstiU po101ds ar1C liAhlc to lluaw C\tCnsi\i bottoiit 16c1iiiMtilat ions" o1
kiconiposing or dccoiiposcd oryanic niatcrials. Oncc thcse la\ crs, arc con-
fanilit~d . Iiii latcr rciiokAl and il ipoit ion iiia\ bccoinc. a tmor task. Mlost
tiattil ponds arc associatcd with a t:itcr souircc, stictt as, a spring, or strcmil. or

surtirax ruiii-oll. Ncillicr dilution nor oucrtho\u ot a clicuiuicJl Mliicl coUld bc
introdticcdl 1111 s Uch a1 pondl. is dcsir:,blc. [iurtlt1crinloic. niatirll- ponids usually
toritn Ilsituu lsiihuu itutoit tlt link li thic loCalI CC0olocic.I d'I1-1' o polluting, I

itiril poutd tii\ tisc~t C01'iiicrahc, duIAMLc t 1( flic local ccos\ stcii coiuiparll)c
Ini c\lt to II tat (fl tlic, oricilldl huItilMiis tiicuiiicmhl LIlschdirnc. Ian-inadIc I)OMds

iiii h ll)I tiioil)inrIhlt. liktl tIl,\ Ibt. ics, hli' to liaxc tar-r-caclini cilviroti-

Incntah cftcts it wisd is a Cliiii 'I)sosal sitC. Ill CittIc. dCaHC. tlc scof c\tin

p)Ondks is t10t rcouiiiuocL.j vctkittc thlooluH-ll ii\ cstilcati [()t t lic impact
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6.4 CHEMICAL AND PHYSICAL TREATMENT

Potential Methods

* Burning (page 6-56)0

* Neutralization (page 6-60)

" Absorption (page 6-7 1)

* Other Methods of-Treatment (page 6-83)

6-55
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6.4.1 Burning

1 U ll)\ Burning-uljis ,nu' me/fth' must dantgc'rrus tr('lt'/l!nt opera-

tinm . Buirning .lId u/il' he' considcered whent it (ati he dclcrinihlc'

that the riss t) peopqle would be greater ij briihig wce'' not aettmplcid.

("hattgitg n1/ cl4J lr ol)gi(al oludilitiulis or water' ,surle currents c(an crea'(

hiasarduo.s tumclititios (luring hurn,-ujl *

When burning may be considered:

* Removal offloating.flaninahle liquids.

only consider burning after evaluatintg
a. collection methods,

b. potential chemical and physical treatment, and
c. severity of hazard if burning were not attempted.

To stop downwind travel offlainiahie gases in order to localiie

the hazard.

Shouhl hnt be atte/mnpted unless well established plans have

been developed prior to the accident, and then only under

the most critical conditions where large vapor clouds may

endanger a large populated area.

In many areas burning is prohibited or restricted by air pollution regulations. Burning
sometimes leaves a sooty deposit on the water which, while not highly harmful, can result in
unsightly deposits on the shoreline. It is worth noting, therefore, that in the code of oil dischrge
pr ictice developed by the petroleum industry in Western Europe, burning-off, either with or
without incendiary aids, is "not recommended" under all circumstances, except for spreading

oils far from harbors or under ice conditions. Even then, it is given a fourth or fifth response
priority.t

t Benyon, L.R., Proc. Conf. Prevention Control Oil SpilIs,AEP.API-USCG, Washington, D.C.,
1973.
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6.4.1.1 Background

Nietliocis f'or igniting andc horning fl111ammale ClcmicAs that hlaic hccii
disclhargedo. into wAater bodies liax e not been well developed. Attempts, hax be
ma1,de to burn-1 oil that has, been discharged b tankers anld experiments a'. 1 beenC
perl*ormCLd With Sp~eial1 aCelts foir assisting the burnling of oil onl the water.11icr
is no know ci ase whiere flamiable ga, SeS that hadve beenI accideitaILl\dilard
11ave beenI inltCntionlll' ignlitedI.

13VCIS use1' thle lack of' kniiowledge and ex perience, assistance troii kinow I-
edge-able experts should he sought and til e prevailing cond it ions lull\ c eal tiated
bef'ore intentional ignlition of' flamiable dischiarge., is attempted. Ini addition. it
shmonl h e real i/ed that there will not1 he su.fficienlt time to seek assistance nor)

fu ll\ evaloiate time risks associa ted withi in tent ional i iiition alter a ciiscliargec o) a
flamimable gas. Because the burning of' the gas can1 enidang-er those inl thle viciiiit\
of' tile discluarge, it sh~ould 1n01 he attempted wvithout having ma de plans for do(ingL
so prior to thle accident. 1he1 p)otentialj locaion, wea'therI condilions,spca
characteristics of' tile checni caLl. i fe that n1hi1\be e udlange red . thle si/c. of, the
discharue. and the method of' igniting, the material shou1.ld all1 be considered( inl
these~ pla n".

6.4.13.2 Ignition

It is very' difficult to ignlite fdlamale discharges onl the opeii water withot
endangecring thle personnel that aire perform ing the act. Sufficient distance I]IList be

mlainltalined betweenl the fhllammabl Chemical and the person ignlitimig it SO that heC
will not be engulfed h\ the resulting flames nor injuired h\ thermal radiationl At
SO)11W dlistankc froml tme f'ire. lThe ignition of' flaimnable gases reqluires farge

distances because of' relat mvel\ rapid movement dule to Slhtfts inl w ind. H are pis'tols
aire one possible method of ignlitingi flammllIe ga ses from11 aI distanlce.

[or flammablehi liq uds of' low volatility a torch or f1am ing rag onl a long pole
mayd be mused from an upwiml positionl. Inl some Cases, the Chemical mla'. he
partilarl% difficult to ignite andI specially prepared incendiaryv devices Ina\ be
rcctuircd.

6.4.1.3 Burning Agents

A nmiimer ofI agentsi, can be qpivado oil anmd oil-like, dischairges to) falcilitae
Co11b11stion1. Ihs 1 nxu1 Mterial,, arc LiNLially sil ill natorc . and thle' 1m13% be trea-ted
to be li\ crophiobic and or Ito alter time sUrlicc propecrties, of water howc~i r. thmc\
iiius't be porous so thaft they canl act like a *'wick.'' taking1 up1 thel( )HutL1unt and

proimolimg! its, vipori/ationl anld stibsedlLiCIlt conibustion. i I wnure o-8. I.li i cdlitioll
to wik i ug or sorbing oil read ily . a good buringL agcmt shiomilil be lia) lighter-thanm-
w Iter. evenl when satrcurtd wkith the hia/ardos chemca. i s incstr'.ict Ible b\
f)\ roh\ ( c ndte readil\ reco'.erale and or not iniurious to) IiK en' tominnt,
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IrIIV.'iter and (,:I Vj1 Ors
v ~ N.Orl mIdraft of air

Reqico ubuo (1 n

Diagram -fut~t c rt.-,A16 cornbus-
tion assi-,tc by , -,I &-A1i JT-:,- f1'-ating L r{ Oi
heavy oil. t^12{n :t -nLufc r.-

up oil by capillry Litior, c: n toie rate of .-aporiza-
tion. Burrnir j .f u c- Dil ild b elc.kv it, reducing
viscosity aind f~aciliL~tir:1: iovter Atio. edge of burr-
ing, oil and air flo V t()'KLdrdS flai! Ce

(Diagram Courtesy of the Cabot Corp.)
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(1le IotheietLd ;ILgentN, leav aort oil eRuiSt whih. w\hIile not illiiirioiN to theC
c~liloillillit l it i,, iloitI\ siIicaI f, i, rather mnilt\aid Nhoultl be relIIxuN i.
Siinilirl\ the butiriiii of lue:Add %k ic kiiie jaents, ',I ouild leae' t11e \kAter dheaii. and
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ahx we. 1lie 11ii tillL ti batl Nhl d be. rin~ovetl

I lie site. \% il)d geiigrpln)Ical conldition' IN h C beCareL'tll\IN% NeI ti
appl nf thiN, re,,piwL, tLiiiii111(itiC I!ailire to fnll\ (I'tletrniiue' ill1 LOlIdItihxN hit

aLJI be affctedL fromn blirlilig pol,, oP mlaterial. soirfllc NLickA. or lceakN xiiili
ilieroeiw tfle lat/irihN thxIck lueth rlilm (lie hsliie'
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6.4.2 Neutralization

6.4.2.1 Guidelines

6.4.2.1.1 General Considerations

Bcltore pr-oceeding with the detailed planning of aI Chemiical ictitralization
reC~poIIme, t'ourI lueStion1s (Cited helow) I hOU d be a uswcred. 1:\riecauRtionl
slIOul be henI~lloedifteanwrtonoriireotes htetifSSniiti\.

Qucie 'on I Is neu trailizat ion listed as a possible response met hod to r thci

dishared lieica2 (heck the response inatri.\ ot I able 4-I 01 this

I landhook Jild Sect ion 7.4 of ( ( -440-' under the chemical name. I

Q11Cioln 2: Are the aM1ount1 Of the chemIIical diSchaI~riw'd and tI0 currentII

location of the d isclhanre know i?

Qucstion .. C:(an a relatively sate neuLtralizing agent he obtained and deC-
p loved effect ivkAv at thle site'. (Can it be d one qu ick ly. e.g.. within a few

hiours?

Qucoii 4. HaLve the original containers of thec d ischured chemical been
clIcked to see it i utorm at iol onl possible spill responses is pridedIS.
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6.4.2.1.2 Specific Considerations: Neutralization
of Acids and Acidic Substances

.tcl) / Obtalin, it' po\\'ihlc. ai p11I meter. p1l I pAper. or atlternae aid (CA-'..
litilun J) ppr) that w\ill :11 Io\v ofesiriin HIi I i ivvI\ ot' t1 l ie o-
tAiiiii1CIil water. NMeasureI t1C I)p 111Celidoe il kOnCenlt ration of thec
Nwi ter at variouIs locationIS t And depIthls if osil' ill the dlischarne! ,it(,. Alln
atcidic Condition will be inldicaited b\ aj 111 of' less thani 7. No furthecr action
ma v\ be ncessa rv it I ic pf I is nowhiere t - und to be low~er than 0.

SIt 2: Obtain J1 IICdequateC un t e Step .3 below I of' limestone
( (")1, t. olomIIIite t (\Il(")3 -('1-1(()f,"IO I. Id a,,hI'' ( NaCO'( ). or othI er sim ihI r
weak l\ basic substa ne. Sect ion 7.4 of' CG-446-2 mayv list a preferred
Chem ical. AII of, the Chiem icals listed above are solids and shoul h( e ohbtained
inl fine pow der form.

.S'tcy ') leplcy the neuitraliuinga en (see Sectionsf 6.4. 1.2.7 and 6.4.1I.2.8).
In the absence of' more detailed inf'ormiation, a role of' thumb is that the
weigh t and/or volunme of' the neuLtralizer aldded should he two to three times
theC \eieht andl Or \01l1111 Of the chemical dischareed. [his ratio of' 2 to 3is,
2001 orm t he treatmenclt of, disclharnes of, ou OM~ tdais.I h disCeharee'
of a cf/u ie acid, thec ratio iiia be redulced to I to I.

.Stec 4 Mlonitor the p41 of' the conltam inated water as the neutralizing agent
is added. Restoration of' the wVater to af pH of' 7 would be joleal : neiltraliza-
ion can be considered adequate. however, if' the pH falls in) the range of' 0 to

6.4.2.1.3 Specific Considerations: Neutralization
of Bases and Basic Substances

.St~c I: Obtain, if' poss ible. a III meter or altern-ate aid I e.g.. litmius papepr)
that will allow mea sureent o' the 1)11 of' lie contIali; mated wa]ter. \eaSUrc
the p11I of the w ater :it \;-Irotis locations t0and depth0s. if' possible ill theC
disclimiree site,., A asic ciunditioii Will be iriliCMitc h\ :i p11 of' urciter than -

No kirthecr aIctioni mi\ hecear if' thle pN i; is owhere- Found to bec hiehier

.SIC/) Obtalin an1 adequate qciaiitt (,,ee Ste p 3 Ichow) of 1 :i vek :icid.eg.
(Ii/0/ :icetie acid (vngrcitric aicidf, or dry ice. The viiieear- will be ill
liquid form. The cit ric acid will probably be ill 1grl:1ill lar torm il- either the
mihy Irol-sCII cemnical ( no water mol cul IcAttachedml or the moiioli k Iraitc t on
waiter milcleeil attachecd) ik :icccptable.
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S~u I CI)epIo)sI t heC[ nCtitr lIiiIll- .unie I(see Sections 0.4. 1.2.7 and 0.4. 1 .2.8 1.

InI the absence ol miore detailed itorination. a rule 01 tiitinibl is that thle
sJ igh an,0 OrLII s leOf tile iIeutraiiier aidded ( after dillution fLactors biase
beene~ tadedI should be it(il\'eiZIal to tile weiteht aniL/or_ volume1 ot tile

d slir ilical.

St('/) 4;. MNlilor the p1I I ol' tile Containinateti water as the neuLtraliiine atm-nt
is addecd. Restoration of' the water to a 1i11 of' 7 would he ideal: nentraii,'-
tiol canIl be Considered adequate, however. it' the pI)I aZills inl a railuc oe 01 to 8.

6.4.2.1.4 Specific Considerations: Neutralization of Oxidizing Agents

.St y / Ob tain. it' possible. an a nalyticiai instrument that call measure the
conIcenI1_traion o1' thle diSehareed chenIicai inl thle wae.Measure tile cuilcen1-
tration A sarionIS locations, anId dep'Iths. it' p)ossible inl the diseliaree site.
\ltcrIat i\ clv 0(and in addit ion to the above), look ipl thle Solnbilit \ ()f he
kliscareJdcmical inl the I hazarouLs \hemicl UI.t Manu l ans 0/idi/ii12

acents. have limlitedt SOlUbilities whlichl Will inldicae the ma\ilnul conmcimt-
t.ion possible inl soiL t io i. No further action iinav be req uired if' theinaSrd

or)I dcd ULcLd concentration is below harmful levels.

Stiepi ': Obtain an1 adequLae quanItity (see Step 3 below) of' a nat ural Is
oc:curring redcLIIingI atIen ~t sLuch ais carbon (eg.powdered carbon or p1OWd ered
act isa ted carbon) .a vegetable oil, or corn syr-Up. Try to match thle beh as or
of' t11e chosenCI r~edIiin aCnt With thle behavlior 01' tile diselireedCL chemcl'

e..tile carbonl Will sink in water. the vegetable oil sWill Thadt, anld the cornl

.S/cl?3 Deploy the reduIcingi agent (see Sect ions 6.4.1i.2.7 andi 6.4. I 2. )

1sig' rogItwice tile we igli t and.101 or11 sol teasilie sveighIl I ndor voIl Iini

of the cheimical discharged, or- un1til there is recasonlable assurance that thec

Mikcentirat ionl of tie d isehlrucd Chemiicail is belosy liarmilfiii levels.

6.4.2.1.5 Specific Considerations: Neutralization of Reducing Agents

.S ~v / Obtin, if' possibie. an analytical instrument that can measure the
ICoiieit ra Ilml ) ofl th iskeh1ireed( cleuiC11k-ieill h stater MeCisLIne tIme conlcn-

traitiin A vrionis locations ()ll :it.epths. it Possible') ill the dischirne' site.

\lIterna t isels (inld inl ditilnt i :ibo eI J )C. look ill theslitbl t of ilie
QlIewnn ilI iii t Ii eICI Iaadu ( iCicl Iaa D IM LidaL ston I Ciicti I i' aeciits mi1,is

IILIse lIjiIItet soILbilitiCs, Which1 w ill intLIcate thle llna\imnumnll c01ncenratioi pos,-

-abkleii so0lution. No Itirtlier actioii mas be iequired it thle mleasureCd Or ih-
I uicco~ .miiceitratioi is below hiarmifiil levels.
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V .p ScIcct mii liatill iiictiiood tlilii ik illilt Imit o11 area (d ilic

S IC'pACrltc tIlIce water (scc Scc tion I .4.12LI I I It uni I II)CrI is Ic:sonhl

:Isstiraicc tlimi t IlL co I I C CiiiI ) t IJIiI IIie SpI)Mil CLI CJiiiic 15 IM bLIO J lia'llLI

lcvc Is.

6.4.2.2 Neutralization Factors

6.4.2.2.1 Introduction

(hliCnica SUb)Stnccs can he broadl\y c:lSSificd into two categories: Ofa acids
an1d baScs Lind ( h) oXidiiiig and I-CdUCilt acns A g!iVCn ch1cm1ical SUnbStanCk canl
1'all into both ol, thecse czlte2ories: nitric acic. for example. is both a ver% strong

cidllonl a I)OWCrfn I ox iinill- agent. The word a',cid'' does not ncccssa iI% iin p1\
ha/ard. Citric: acidl is saenou-th to drink inl Solution I anld One does inl niany sol

drinks) and has not been placed inl CH RIS. Dd)an!CrOnIS alcidS do no0t l1cccssarilx

ha~Ve tile wd *alCid' inl th :i names: I'or example. olelnm1 is a comnion110lk LsCd
name for I'lininin SnlIt'ric :icid. Some1 Sltibstajces rctC wvithi water to form acids or
baJse: a111lumitilli chloride hi\ drolvc inl water to form a strong acid I hydr(ohloric
acid) anld a wca,,k basc (IIhumiinl hlvdr-oxidc nlot in (II RIS). thus mikii tilec

watcr acidic. \MCtall ic sodiml rcts~ c\IploSiVClv With) Wa 1cr to form a \cr\ sI ronp
basI', so1ilnin1 ]lv droxideC or caulstic sodal). Simliilrly limle (Ilalciom ox de) rcacitS

with walter to f'orm a strongly alkaline (basic) solnution. Table 6-1 lists ,elected
CHIRIS Icmicals and inidicates whethcr t hcy are (or form inl waticr) strong Jids.

bases, or ox ii/ing Or rcdulcing1 agenlts.

Nat mal waters arc ver\ ncarl\ ncutral: tha is to say. they arc ncither acidic
nor basic. It' tlic waters airc wcll acratcd,. they will hc slI, iihtl\ oxidlizing,-: how cver.

it' thle waters arc stagnant. tIi cv Imay rcpreSe cd n Ic(Iill ngcond it ions. Largc il depar-

inrcs from natural Water conditions are very ini~Uriolis to living things. The waers
will tcnd to restore themselves to thecir n1attral condition oi near netirait\. hut

this proccss is slow and great damagc canl occur inl thec interim. Theretore. when

possic. it is dcesirablIc to restore theI n"eutral conditionl Of thle wdters raplidly 1\
tilec application of' neultrali/ing, chcIC1als. Conventiona1 lly eiitrllizaLtion'- is iiSCd
only\ inl connectLin With acids andI baSCS. but tile tcrmll is also extendecd here to

includeLI tile ictitrali/ationl h% thle impaI)ct Of oxdzn n rWuigaCntfs

Hneiitrahi/c ai chiemicil ec tl\ is a difficltI task. even1 inl a well equippedCL

labr~ior\.Jo iieiitralize a chemlica dischargeL' CXACIly Under field conditions inl a
1)d\ ()I ii-i rlwater ks wit iill\ impomssibsle. Neuitrali.at ion., thecrefore. is one of'

thu, ' diCil cultad potent ital l diecrois corrcctive responses. 'Til llel.1uitalin

Jllii il muitle c lv~l :iv iilabl inl 1,larg quiauittics anld it lp ~w it ak and
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TABLE 6-1

SOME STRONG ACIDS (A), BASES (B), OXIDIZING (0), AND
REDUCING (R) AGENTS*

Acid-Base Ox-Red.

Aluminum chloridet A
Ammonium hydroxide B

Ammonium perchloratet 0
Calcium carbidet B
Calcium hydroxidet B
Calcium oxidet  B

Caustic potash B
Caustic soda B

Chlorosulfonic acid A

Chromic anhydridet A 0
Dibenzoyl peroxidet 0
2, 4-Dinitrophenolt A
Ferrous sulfatet R
Formic acid A

Hydrazine B R
Hydrochloric acid A

Hydrofluoric acid A

Hydrogen chloride A
Hydrogen peroxide 0
Lithium aluminum hydridet B R

Nitric acid A 0
Oleum A 0
Phosphoric acid A
Potassium dichromate t  0
Potassium hydroxidet B
Potassium permanganate t  0

Sodiumt B R
Sodium amidet B
Sodium dichromatet 0
Sodium hydridest B R
Sodium hydroxidet B
Sodium sulfidet B
Sulfuric acid A 0

'These are examples. The fact that a CHRIS chemical does not appear

on this list does NOT mean that it is not a dangerous acid, base, oxidiz-
ing, or reducing agent.

tChemicals that may be shipped in solid foim. If spilled on the duck,

vessel, or land, they should be scooped up, placed in a container, and
disposed of by an approved procedure. Care should be taken to wear
protective clothing and to use equipment that is compatible with the
chemical.
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non1-inljoriOnIS to tilc environment -othcrwisc the applicat ion of' an cxc.css. could dto

more da(laac than1 the ori.-inal Clieimicail d ischarge.

NcuIitraIi,a t ion) a, .oicc iONLAM l))nse, to the tliscliaic of' ai IM/MIrOLis

chicm ical in open wa tcrs, Ild',0 1 h)ccn aIt 1cm ~'cd, (C \ccpt il a vc rv lew cases.

(onscqlicntl\ thcrc is lit tlc or no etiidaiwc 1'roni pre-vious' ctpcIMKcc, anld it is

dil'tiCUlt to say with ccrtaift\ that i1cLItrali/atioil will. c\'cn in the best of'

ci rcLumSta nlCCS. bc a viable alt crnatki~c.

The generalized infonnat ion onl neutrali/.ation given in Sections 6.4.1-.2.2

through-1 6.4. 1.2.5 bclow will allow% some1 baSic Understanding of' t1w processes anld

problems involved. Mlore detailed instruct ions arc imven inl Scc~tionl 6.4. 1.2.0.

Whienever possible. the advie of' a person with chemical expertise should he

obtained to supplcment the vcry Lecneral inftormlation given hcrc. the da ngers and

problems involved ill n1cutralization and tilc diversity of'chiemical spccics that arc
involvcd allow only limited guidelincs to be givcn here.

6.4.2.2.2 Neutralization of Acids and Acidic Substances

Acids are neutralized by bajses to l'orm salts and watcr

Acid + Base -Salt + Water

F ,Ia p Ic:

hydrochloric acid + sociium hydrox ide - sodliumi chloridc + water

IICI + NaiOli NaCi( + ll,()

Weakly basic substanices that might bc availahlc in lar-e quantitics at or ncarza spill

sitc includc:

Limestone ((CaCO' 3

Dolomite (!NgCO'0-C aCOW0
Sodin in carbonate or -soda ash'' (Na 2C0 3

Li mestonte and dolomite arc natuiirally occnurring miiicral so bst amCs and, even if'

added inl CXCeSS. Should not chem liCllvy damage3i natlural1 wailcrs. Soda aish and

slaked lime will also necutrali/e an aicid diclar Lc. but thesC ch1ias remRe

st rone\ alkalinc and the additionl o1 l an \ee-S ouIl harmful11111.

6.4.2.2.3 Neutralizing Bases and Basic Substances

1)isclmarecs 1' IM-ses or caJUstic, airc tmuch more ol' a prolm ('or there mlay lic

no pilntiful1. wcakl\ acidic. harmles ubtace available to neuitralize themi

natuirally ocdirriile mineral susaccsid to be basic). Mlost weCak inlorganic
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a1cids Mi-c p)oisonous.1' (',chl &s tuv(Iruec c\vanidc. SltlUr diux dc. and h \LtrOecii
slfideC). [Ic I ikclilood oft suiitablIc weak 0Preanre JCiLkS SuIcI aS Citric Or 1111
aICCtiC aicid t viClca ) e iuaValihlabl if] SUTittiilt aiii()iiiits A the site 0lI thc
11iatUidOUS chemlical dischariL!c is smahll anld responJSe aIction WOitld he I iiuitcd b\

spl. ()Ile aiidit iOiii p)ossibility' is thC Use Ot dry ice (carbol dHOixiC inl s1)1id
tuori). Solutions of(0. inl water arc weak ly acidic.

6.4.2.2.4 Neutralizing Oxidizing Agents

(Oxiditilne_ ,luclts arc -lneultra'IiteCd- b\' redcLIIing agenCts to ti'01 inore static

Oxidant + RedIucta t -StaleI C'111ompound

Fllaple:

Zlii + coal - carbhon dtiox ide
0' + C C'OI

:nM thiffie that Will burn-l inl air is A -CdLICIIIIL! a11Cent. Inl th1C case Oft adiscliare
Of an1 oxidi/1ine aecrit. it is difficult to min1"lC tlie additionl 0I al chem~ica 1Mre
avaihlable CtTCCtiVC. cid .,ai thanl the 110ti~rattv occurring1 rcdulcing1 agents ( organic
nviterial ) inl the watcrs.

('11*,170IIA, I'olvefol ()iahi1A. r(prcsoth'i .'r'IUo', llre alnd xlwl

dleuk oi- 4hor'.

6.4.2.2.5 Neutralizing Reducing Agents

Thie red liic1_ ing getS l isted inl Table 0-1 arc all very strongz. It Shoul.1d be
noted. howoecr. that miany organic chemiicals are weak rcdulCingj agenlts. SoniC Of
these ouriic chemnicals. such as vegetable oils and corn syrup. do iiot rep resent at
hiazard to hiumnr health, bult thiir large d ischmarges inito a wvat er bud ycon Id make
appreciable chemnical anid/or bioclieil~l cat"Cl xgeII ei ris ((C01 and/1or BOI)
andL thus be detrimental to aquatic animal life depleting thc concentration of
dIissolved oxygen. The biochemical processes responsible for 1301) are lvenerall\
slow anrd, as a corisequnence. excep( for conin ed stm Iasnt waters. natuiirat lo aidWMR
imixirig processes niay Well diiltet a id disperse tlie chemical before thle seriouIs
level of oxvg en depletion occuirs.

Flie naitura l% nvmronriient is peMeat1Ced IW a very\ ettectiVe. plniful., arid Sate
\QI strong oN iiine acent o\\gier. It is %cr\ dittictilt to improve upon and, as at
r-iilc, there is no better oxidant that man can add to 'tt ize the discha~rge of
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J1 Iia /diisioi U eSliC(I IiC ;Ie I I he i,!C11 1 Ik ksikclarL'vs esLitiin2 ',lslUace WerioUi IC d-
pietes thle dissolk L.d o\% 2C11 cs111teit 0I tile 'ate!, the 0\\ Cen level can1 be restored

A\u extensive tech nlolose ex ist,, tor1 a rat to n in shia11O low l-CO1nS. SC Wacc
treatment facilities. and othier J1fLuicnt-t real mlin complexes. in recent years thle
ectieleness of' aeration inl restoring thle (q nait y of' streaml waters hids been

den~straed. bNit very little at tent ion hids been padid to thle einerge ney acra tion of'
natural waters.

Aeration methods tail into iou r categories F igure 0-9):

I Stirring and agitating.
(2) IMS and weirs,

(3) Bu1.bbli lug. ando
(4) Spray Formation.

Stirring and weirs can be effective only in reiatively shiallow waters. Bu~bbling
is applicable to both deep and slia iiow waters.

6.4.2.2.6 Quantities

Three approaches to neutraization can be taken;:

(a) The preferred approach is to add a1 neutraiizing agent that wvill
neuLtralize the hazardous mnaterial bitt Which wvill not itseif' create a
hazardIous condition if' ant excess is added. Ani exampllle is thle ulse
Ot' fliestone (CaCO 3 ) to two Itra1lize acids witich have been is-

charged into a water body.

bh) The second app roach is to monitor the waters and add the neu trai-
iz ing, a-en t tintil the mionitoring indicates that neutralizat ion is
c 0 mpietc.

(C) In thle abseceIC Of sititable monitoring instrumentation, a (quati ty
of' thle neiutraiizer catn simply be dun.11Ipeil into thle poiIlteil water
Course. This procedure is rarely julStif'iCI.

t['le neuLtralization of' acid and base d ischa res can be mon itored w ithi a p11I
me ter a siminply Operated. inex pensive. arid coinmoniN available inist rument.
Neutral waters have a itI of' 7. Neutiralizat ion can bie considered complete when
tile fill 0[ i te water is restoredl to a value ()I' (I to 8. Inl theC cseo lrc

(M )I) 1YI) dischares. tilie state' Of' ox\I vei depletion canl be mon01itored withl a

COD (Chemical Oxygen Demand) and BOD (Biochemical Oxygen Demand) are indicators of
the diegree to which the chemical might depicte dissolved oxygen from water.
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1Stm ing nq Agitatin

2. Dams and Weirs

3. Bubble rs

Pump Spray Nozzle

4. Spray Formation

FIGURE 6-9 FOUR AERATION METHODS
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iip1fl)C. J s,0ilCiJ( xx at ore C \pCIIsi'\k c ild less, coi in 'i If i

f11lit. Stillac xxatcr iii thei iitiii tc \\ill lia\k, a ikIs )l\L-o\\1CI felColiIL'iIaI-

5L~ol of iLL5 ti fill 1.iL il ill,I" iL511t Ik M Morel~ 110.xatci sloil IL. iii(Iiiituiell

tl~ha~e~lt il c itlit,'11,\li. 11 hc \A J,111~ d h 1)111 l-

1'It lioliitorIlL is not possihlL. t110211 a i1.11211 estima"Ito 111111 hek mad~ke oI tile

aitiotililt 0of nexitrali/rr Added 101 the waters. A,, a xcr\ rough rule of thumbll. tile
xxeiuflht and or xoIlIeI of' tile neikLtrali/Ier ZLdd '11011 he two to three lines thfe

xxeiuflit andl or xolliiiie oh tile d ischuiricd ehiiliCal.

It* a solid. tile neuittralitingu Chemical wvill Ie morc etteectic m iore raipidix it it

ks fin)cl div ided.

6.4.2.2.7 Deployment - Still Water

SoIlble chemIIicalk a II\ iseSelowlyI inl still water. Thc prc'rrkd st ratlcLg\
Of addk ilnc d nlentrali/incL JUCnt illuhisace st tr beyond t e ri phcr\ ot'

hic diischiarge and sliowl\ 'spiral inl toward ill, ccntCr. Alleriiativcx . if' tile neutrall-

i,'inc cliciiiical] is proinptl\ A ihahCLIat the LliNchIar.!ic site it CAI ansiIlk'b d inilipCd

ITo tIL \\Jtkei A tilc LClIt~L 01' tile LlisCIlar2L I L1uie - (itM. 11pssbc it ,Ian be

spea xiti omc kind of scattcrLrw in'I cmeiit. suLChI as 01nC usedL whenI soxx lii.

Lras,,s eed ii a brik-iioLIilit Cd d d ll or IIl taosr~drwould he iLICIl ot- tisl,
t'irpoc I 1 rtmost cinicals. iMinL5 thek IWIVtrli/iii2 siObstIJILL' Lli) he aIpplird

%w hin I ito 3 hoi, Is ificr thic disLCImareck. aittclilpts it lit iuiatioil arc pioh:1ubl\

n1oft xortlxx hue. Ill th Ibscr of othICr ctliiiphiilct. if ti1c disClImircc is, not too

LIrcL, hll 1ll shIox elilleLii ml c all cltLJCi~ ' rc d ~ i liig licti hod.

6.4.2.2.8 Deployment - Flowing Water

Ill floxx inc' xxa Lr t1dsi,JImLL Ll eIICiiiicAI w ill IIo L LiowhIs\tICII L in ii aoll-

stuitlxik Linc, M-. b)(1t LlIitiL. siic' I ie prlerrekYTd stritcck\ Is to NpLaltIlL'

niciitrauiiict L'icimcal i a ic-i IxittcLo back aiid forthl a1cross thIlLioxhg

Llsclrc. str iat I point scc ial Ilki dL \ ardsI doxx ostrealill or ilicad o, Thic
Liscil.i~ L. urlld txorkiiic, iipsrcan I IC 0r -101. It t[Isk is iiot fLiiiL. iil ali/cr
_mi Ilk, idtILicki i hL LiLlill' Iiui -lLLiLl~iZ o Lthti ~L iitiulL

is - 1iLi 1Li liii \k iti , uI illl Il'1l' isliI I 'i Sil 11 J l 1iilL t11oiiLI MiiLI is ~ILlLl.Ll t0{ Ii

xx t~liistik.mIi froim fitL L i lii . Ilicil it lii'1 'iiik t1 lL'II) 11 o toi ilild tliL dclillikall

to) he iierutrfili/el xxil p55~ ox Li it. hloxxkxci.l liiiikstoiC. or L\miiiple. duspcisetl oii

flie IIhI~ ,tti i t till a11)a 1c inm l iuld i ch 1rg 111k t i x i "i il Iox (less tI I ii toi2

I~I I xil If tice icuLtli/Ir is slihilblL(0or lilLxC diisperseol solid 1)(xxlri it

Addcd ~ flxisrLii romi tlic slgit xx ill iri plx coil illic Ito iiLlxc alonlt as" a
"CL oIi slug iiIIC-I( of 1 1L ili, kidoi LCleiiL I ( t.L ,uild thus, N ill iiot be Ilix I

Ct l I1\C

0-00~-



A Still Water

B. Still Water

C, FlowvinclWater

D. Flowinq WNater

FIGURE 6-10 NEUTRALIZING AGENT PATTERNS FOR STILL/FLOWING WATER
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6.4.2.2.9 Deployment Aeration

Similar considcrations apply' to thie dcplloNIIuCnilt 0c1o asId) a Jpl SI)cti
trl (r'01(1omprcSSecd air Hles and tank air and o\\gcn are all appropriatec o\% Lcin

sot)ir-CCs. O/Oonc is 110t1 rcco11M Lcc Ninlcc it is a killnCcrotis (1clnical it'clf aInd
siceril i/cs watier. Bu tbble barricrs canl also be dep loycd :is cllctci aerators. III stil!

\\atcr itic bihbliii should hc dIcplo\cdl across, tic discliaric inl flowilp atrs

dowiistrcaiu ioi i'-li C dIISClar-C. Inl tlIC latt[cr CAsc. siicbibhliII2 continacsW AS ti1C

diclarc aSCS thr-oW0h the. trcAt)I~ nictaica. thw rciiiarks on ncuitrali/crs, iiidc
abox c arc 11(4 applicablc. Bccausck of thc SlO\ IhncSo ( C1OW3()I)Ox'D c uiptakc-
acrat iOn shIould hC dcplo\ Cd at 'soi1C cuiral istaiicc ar'oundI or down 11Trcaii
froii t hc disc-lartc sitc i I 'LiiC ()-I I I oiic\ Ot liC ~ ic II IWill bccoinO \\I 'cii-
kICpICtCd aILiii ittlCl tillc bubbhiiin oiMIC 1I has 1 (XIi pasCd

6.4.2.2.10 Recovery Techniques

It' thc prIoduLcts Of clicInical iictr-Al/itOl ar1c liarilcss hsacc.n
rccovcry is iicccssa ry it' the li arc soluIc. recovr% is, inpossiblc. Siiicc only '\i~i

11cut ral iicrs, shldI he iiscd. rcco\ cr\ 0ot all nvC, c css icunli/cr- Shun! d nit1 he
niccssa rv .

6.4.2.2.11 Associated Problems

Ihc addition of, calcium Or nia,1ncsiou]-con t a illinc ncutrali/crs ( sa\ . for acid

splills) will nmakc thc watcrs "hard.-~ This should he a temporary condition.

howcvcr. LIiS tlcs li wa tcrs arc nadturally -hiard.-

Tlic addition of a larg(c cxccss of 1an\ inlubiLc ncutrah>cr could he luarmnfuLll
to bcnithic (bottomn dwclling) lifc b 11 physical burial. It could also tcni poraril\
incrcasc wkaicr to rbid itv.

6.4.3 Absorption

Recocr\ opera tions withI sorbcu is fall in to fivc maj or stecps:

I Sorhciit distribution

(licinical-sorbcilt lollcction

3) hicmica-so(rbcut scparatiou.
4) Chicmiical storage and orI disposal. and

( I5 Sorbciit rcusc andi or iiposal.

fai ot11() ticsc st k isds hst cfow.
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.IblLN, ill\ ol\ d. dta~..iledillist rct ils tHat \\ oii! C()\ ci ;ill poss11b lit 'I .ni
"I\ ell. It clliillicrcjjl sorbctits arFeI t lI 'C~l C 'Ir IC t~ Cc t Il I alu :IIIAI II t IrcrI

6.4.3.1 Specific Considerations: Sorbent Distribution

I he iiann11cr, of, sorbIcntI distributionl (stcp I ) depend" on thinrp~

IclnlicIL. tile' si/c of, thc discltarycL. tlhc cinlsIt InICCs. anld tile ph\ &,al torll of
tlhc sorb)cIt to he employed. IIn the casc: of' smlall slic-ks. sorbcmi mops, can he
ilcpIO\ cd with lines t-olin ship or Shore. InI tilean \\ ot- or iwIl LI i ,&Irc.
sorb"cnt1 fibers. chips anld smal'll shcects can 1wpplicd or rcnim\ d 1, pitchfoir
othecr a\ailaic hand tools. Sorbhcnt hand~ mop1)s canl he Liiscd inl thc \anc I\.

These proccdnrcNS. it Shlld be no0tcd. ar1c bcSt apphicaic f-or small diclarcs
rclativcl inia cssiblc arcaIS. andL tile f'inal ClcanLIp01 ofil 1rcidtic tha K> scipc
Iicavicr k:Clcann CkLil~lICnlt suIch ias ,kimtiiwn. \ ariols I\ Ix's Of bloMcr-s. such as,

ttoSC LIisCd b% liha\cons~tructionl cr-cws or, ,ccedllwc iha nIclLlilanS. Sholib1

Llcr .and1 banlks ha\c bccen LIcLI kLLitC ctTCcti\ cl\ to i~ listribLltC 11a\ anld othcr

sorb~clts o~ cr tlic \%vatcr. sorbcnlt foanis, and thrCa&ls yicnraticd in 1111I. CJl'l>( bc h

spra-l\ cd oil thc \\aItcr.

SorbIciit shet"t arc cltcctivc. wcinbrl itill l a/aIrdons clicillica isclrcs
'Ind~in cal eCtc dCLIplo\ cI frlom a slal bIA oat. PIC sorbcIlt Iawtcriall Iia\ he

f'aIltioicd of1 fibrous, Or chtip sorb~cnt \%hIich Call he conltajnlcd inl ai inecrt 1mltctill

to t'oriut a pillo\\ . ilt LO criuL of tilc coIntilliun'- 1Icri~Il HILut 2L\cic I'I*CC~ to

file cbctiiical. InI tilc cisc of, \%atl-ilIsoltihkc liqlltid Llk., ct a oil. 11ic n1csll i/c rilust

bc klrnc. but inl th1c Casc Of thcL sorp-Ition o1 kl(1Iissol cL cliiiclk oi11 acti\ atcL
charcoal oi- ion c\clincc r-csjns thc nlicsl can1 0C sItlilcr. I Io\ cr. to citsurc

illa1\iilitiiti ihsOrbhC0,% of tlic acti\ c IatcriliL. the continct11CI :olinLtaioli
NIIoulIL he so LlCsicLl tIA ta th ' of tile act HIACI N nttri lsa c\tcnl\ c distantcc
from tlcch tirewls

\'cr\ cbnj hetc pilo1\s an x' LnC~ tc to Onc anothcr' and Lscd as, a
sorbcnt booni. Anothecr t pc of* surbcnt boom is, thlc rope it(.p. I iplrL. 0-1 2 slto\%s

6.4.3.2 Specific Considerations: Chemical Sorhent Collection

/mN(W ( / 't ) Nr m ilm l , / ;1 4 1li ( i I il/t I Il~/ I' i iiM 111 /)( i o ta11 1 i 1110!
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niAV Drrlrr~e I l

11-clne Mot usk~

ciMr ii

Motr);

In open svater operaitions the oil mop system is rigged on a laarqe with tugs as indicated. The baipe suipports

the mnop engirne, proivides reclaini storage, arid Surr)Pliev [perpendicular motion to the rrocr across the, slick A

smaller tugq tows the tail pulley in Unison with the harle and mop enqine . The moip engine drawls thr enifl in

a cointinuousU circling 010000) to rrrclaim) the oil as the mocp 5s exposed to the oil As the tug tows lrr 'yStim

sluwly across the slick, a ''swath'' as wide is the distance heteer tire mopr ongine anid tail pulley i' cut

through the oil slick. If it is a widle slick, the towv traivels saick and fortls across 11h( slick re~claiming swvath

aftert swath Of Oil Un1til all Of the Oil Is 1reCluimed.

FIGURE 6-12 DEPLOYMENT OF A ROPE TYPE OIL MOP IN OPEN WATERS
(Diagram Courtesy of Oil Mop, Inc.)
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11 t ile\ 'I re tl o e 1) C 1 L i .I c k l N I IO I t i I o I , I I t c~ Ikaf Ii

Nor 1)cI It c IleI I. )iier\ eI I I tIN liI~c". ll l i ntlllt cc dIfl he o Ilt:IiIlcd end1( their
illo cweilln Conltroiled h\ tIh IL III 1' NI h? Ie IN. OI I I . C. il C~ c~ Ir I0 I i I

iI~i\ itf t Ile CulrlIIt he IIt cI I i- lldI HI I "M N .I ~ I" Jd ni * eI Ihu MI JIt ih

,ICari td Ij II I Il iiti, I Io I 511 b- I.).I IoO',t li ,- )HJ ,C Iei he1 kS I F.I\WI Ii IItJ'11) 1 h p", Net

\\,Itcr intAes to coeoperating prohienlIS. Simlilv.l ,i 110,011 SolrI)CetN IH:Ii\ C~oilfls

ickup iachIincrk\ I inrc (0-14). Somei re'loijiLItnllclt (d h)1' and11 picktLl) 11101-

chllerv depio\ntenrt 111,1\ he IlcNivto nlilinii/.o thece dilt jcultie. A No illillic-

slia.tc IpplicioCjll o.11 pic~kLup tOIOiljifli SIttli-itiIoi) o) tile Nl1lhelit, tol avoid the

.1CCllill11,ii~ill Of I lai-e alliount o)1 solheilt NilhlLIld llCII. 115111 MCJaN. rap1id Waterl

,Lilt.ItjOII. 111diOr ICC cLlII rendimer cffectjVC Noihenit siepi. )\ IlIt ands Imlake picklip

dilit C.I t ',I ill puO1Ssih)Ic.

Ill Some1 iIIStanIceN it IllW\ he LI lOrckCC55dI\.I iipiiietieii.al Li 0 illipoN"ibie to

reco\er the sorhenit cheimical ( Step 2). It' tile Norhelit iS not recov'eredi. then tile

sofhenit niiteria! shouid either he inert or hiodeiraskihie. Ill tile 1II ILi Ld.NL

lhie-I-,LIlti0Il NilOtll~ he SLItTiCiCItl' Sl(),w SO that1 tilec rate ot' re-reca 0)' thle

co)lilnjlmit is too Slow\ to clidaneecr tim' enivjililleIt. Tihe oil anir oii-Iie

NI~)N~II1CNoil Sorheilt mlateriaks i)cILSe 01' ijcrCeaed \o,'il-ilt U is(
1 

2eeiIVIN-

iN.canl he taIr lloreI- o illietlt to ihandle tint) thle decploymenit ol' tile NorhelltN.

()t i liCl~it~tl\ lead lie t(- rCc(\er\ illceiiIC\N al ready heell ulnotei (,Nc

Ilunlre0-14), ice cotiiiiatesi Norl-It .0111 he rckmcolXr~ Ill,1tlLI 1i\ or h)\ lmla-

chlne. Boomls 111(1 ollIr t\ie iiareNcnhe ilIed IL)conitrol tile loclI~Iln Of

tile NorHellt U lld 1,Lacii it t ate mcor\. Ini aid t lii to Ileing, picked III) OW11 0; Tilc

W~eNtile clOitUlliliwted Noliit call h~v illill il r1o1pes. Ill tileIcc of' 0

tI)pet\ kpo: i N\til l kictOoItCIlt diisi leoCM(Ve rei)reSCInt J Silie 1C oI)CYUI ('I.

Skillualer, 11W\ he LISed t(1 p~,k ill) Iioiti[ii ColltIaimited soirhelils. 11 tile N11ibcll

'i 11eVdI le~ld ali N(is1 )ellkied ill tile WAIr :01111111. fllttAtOii sill) he lI~cd.

I laN er-il~I1- N1Ier Co ll t1 11ill atfei So rlI~eIt :,ai Jiso hec ,citiesd out either inll eolliN
or ill tile hod\ of, ililturai water itseif. In tue latter ilistaliee. it tioix he Lis~il ,1hi5 to

rInile tile IitcriAi irol tile' hottoml b\ drede~iie or somei Otiher Stich llper.Itioll.

6.4.3.3 Specif ic Consicierations: Chem icai-Sorbent Separation

Io x I-paeOii NorkentS tile Cihemlical anids Sorhetit are eaSiiy NeI),1iriled

stecp 3) h\ NhtIcce/inW.II V oil ilp us01 Ied ill snliiii op;eratioln, :1 ,itile rllier

NO FilLci r i Q le Ic i. It is, iiipOirIMint howVeVr. that tihere he aIS littie LilaCk aS

plls~iis i~t\Vs l ~icioii 1 St.p 2) mid sdpirat il ('Nlei) 3). jccmIS,.2 NOri15lltN,

Iclil to release s"()tileIo) tileir 1Oii h\ dil 1111c iliolt 2)) oil 1h ,, ill 24 1(111 S). li

I, read liiy a1 cco npisiled h rope(.-typ IJii pilnp wVher iepo etVeo r

Nplrltti(1l1. Inis rede~pior illeIl ate Ai ll illhillesi ill J 5111(1k' cLoiltjlli(ll opeilt ionl.

dl wilILet HIll o-,1l ;lio be lI~ed IN ;I Ncp~lr~liorl tecillispe cll erciaJ laitlldr\

;\tljto~ lii di~lI lilht SHt ()I 1i11c Oil (lit of) tile NOrllt.
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BOOM

CuTRRENT

bFOAM SWEEPING UNLOER BOOM

BOom

W ATER SURFACE OBFA

CUR REN'T

F OA N R0~,-LIN G LN Z'ER QROOM

FIGURE 6-13 TWO POSSIBLE MODES OF FAILURE FOR FOAM SORBENT BOOM

IN ABSENCE OF WAVES. (a) FOAM ROLLING UNDER BOOM, (b) FOAM

SWEEPING UNDER BOOM (From J.P. Oxenham et al., Proc. Joint Conf.

Prey. Contr. Oil Spills, EPA- API USCG, Washington, D.C., 1973)
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a) Harvestet moving too slowly.

C3/

bi) Harvestet moving too fast.

FIGURE 6-14 POSSIBLE MODES OF HARVESTER FAILURE
(From J.P. Oxenham et al., Proc. Joint Conf. Prey. Contr.
Oil Spills. EPA, API. USCG, Washington, D.C., 1973)
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lo e~wi\IC Usills Comecialtleti to ccctle II hk Ipe Ci ibtt. IIC11%C\ 1)ti ite 1 un-

to conlentrated sat Solui ons.

6.4.3.4 Specific Considerations: Disposal and/or Reuse
of Chemical and Sorbent

11' the ColltaIlinla teil Sorbelt is Is Ct'O\ ered. 0101Mst faILc tile prIobIle 01f

ulisposiniz, of' the Clcmical wvhetlher or- not [ic checmical and sorhent arc separatted

steps 4 andL 5). 11' thle chemica and sorbhetit a1re sep)IIarat. then facilitieS muILSt hC

pros idcd f'or tile temlporary Z1ndL perhapIS lOtitI-ratILCe colectionl and( StoraICe of the
chemlica and finlal disposal1 by! somle SnIch tCltnIi(qoC aS barrel storage. buLrial.
burn-linel- W iscuLssed elsewhere) or. chemnical trecatmlent. Mlos.t large nrbaumi are-as will

lwws Vxaste oil reret'lnino copaie wich Imay acceptl coleted Oil frOi d]is-
c'lirCeS. S011 om orts %\ill haveC xxastC Oil collctionl tank" whIichl Max% be axailale
tI r nisc. I he 1ailnrc to scparatc- chemiical and sorbent -simpl\ aidds to tlu builk Of
theC material and thuIs nerf~cse thle disposal problemn. I[he jost ideal situio 101 ,

the. one inl Oltiel thle sorbelt canl be rcc'0rte foVr-USe. OneL HitteeliOl.ts soIlutionl
to ilhc probleml of' flic disposal ot, thle sorbenlt mlniht be HIttetioned( inl passiuc:_
void-spadce oil sOrbeolts al-c mlost effct ixe 1'0tr heaVier oil and ou1C uIAnuLIJct urer
has dcx eloped a sorbhent which1. with gentle warilmg, can simlpl\ be dissolved inl
loxx -weight peCtroClul. Thie petrleIum is thereby dul owngraded. bit it is not1

preem pted for other uses.

* 6.4.3.5 Sorbent Materials

NItnx sorbcnt toaterials aire available. They are caipable of' sorbin, ai greA
ra nec of chiemica Is r'lial I'-01 ioro il to p)oisonoLs SAlts Or &le lx'Iaes Their_

actLI ottIIC tootle1 ragsfotSimple surface absorpt ionl to specific: clmical reactions
(:1 the Case of, ion exetaiLcrs). Thlree areas that hav e iceived the most Atteotion

dre:

I Oil Sorption f'rontl mattiral water-s.

2f Sorptionl (from tilte '-'aS pltaZse anld tile lhluiid pha se fi ott ctivated
chta rena or- othIter porOtis Solids, aInd

13) \ltil iont Sorption onl ion-e\CltiIgcrs inl efTIlttett 1tratment.

otistleabl expriece \ists if) thle Jllliop of oil dicagswth sorbeills.

sorbcttt arc ititist effective lor:

I ttl-to fned ltiml-si/c if isctargeLs.
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filma 5-taL-c Jda1 iiii of 1 (ICl J i 1i)ii Ji i L d ItI1 1) ',k iniiiiCrs.

3)Use "Llinder'' .oiid itiOns Wihcre skiimmer aindjor bourn use is rc-
stitd4nue iaVCs and1 ill ina'cccssiblc places and/'or inl tilc

pr1eseicV 01'a ! rca ileal Of' dlcbriS and/or- ice. anid inl hliph sea
staites). nld

14? iiiop-up ofl i uti cibacies oi sho~re lines.

('ommon01 straJW is J p)opuklr oil sorbent: hiowcvcu. it may coat and sink and its
oi-lolilucapacity is mluch less than ilni oe1f the better s\ nitlieiic sorIhcnts

(Table 0-2). A U~OOd sorbtcnlt ("binlder') picks op11 Oil strongl1-y 20 to 00 times it
\ ii loil and picks opJ Wvater wvakly: sta ik511 )tC~ to301ile

its weiehlt ill Oil (St Fic r 0-5). The oil is taken opl not only by suirlicc
sorption, hot also byv entrapment ill voids suichias pores anld or- caplillarieS. AN a
c:OllSetuu1Cncco Of t11 iittCr., Oil sotlhen Is work bcst onl hcavv, highly viscous oils

Fi"e_ re0- I5? and tli cir periormance oil ligh ter oils Or more i'reccx' iloviing wVatcr-
insoIl iMc organic lii o ids can hc poor. They can pick LiP) wate r-ill-oil emu tlsions.
hot the clect uvcness is low for ioil-inl-\vater emuolsioins. Thc pickopl timlc of' a L'OOd
sor'hcnt is fis (lcss thanl I mlinn~te. I It NholdI ASO be StOle ior cxtcndcd pcriods
of' tiime. \lost oil sorbcn ts will lose oil by cvaporatlion a11 OLi il anac : r-otgly.Il A)Oo~
S(Y' oF (tic oil will bec retaincd ater drainine, For 24 hmours. 1b0t Kralon"
[igurc 0-15), a modified ribber" LhloVCS Oils. aid thos hads aI 1ich1 hligher~

rLetent ion. A nothier sorbent 1 Sorbh-Oi I.' made from recycledl paper. is ireported to
srinl additionl to oil, a nutmber Of' orcanMiC chlenliCAl. iiiluL(iiii- n1-pentanLe

cLarboi biil iide . acetoneC. nietluvl alcohol ii-heane, t richlor'oethalie. carbonl
tctraclluriilc. etlil ethier. ethlyl alcohiol. heL'/cene. cscClo-hesa ne. isoprop\ I
alcohol. trichloroethl~ene. ni-prop'. alcohiol. n-he'.tane. dioxane. toLumene. epi-
Chlorohvil\rin. tel raclilorothslene, clilorobin/cmie. 'Urfural. phentol. and met hvl
L'tliv I kctoiic. sonme whiich arc wa ter-solui ble. Absore ills that aict as sinkineL auzenits
are u1SL INCuisL inl Section 6.4.4.2 and ab'sor-bents thA act as htornlinui aids inl
Sectio 011 .4.1 .

Sorbeots aeC amailable inl a nonmber oi' physical formis F -igore 6-16)

I powulerCLl. granolar fibers. and pellet material.

) ch ips.
(3) pillows,

(4) mops.
15) sheets.
(0) ropes. SanLSage_'S. and brooms.

7 1h bels.
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OIL+ WATER, AGII-ATED
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TABLE 6-2

SO RBE NTS

Mineral Prodlucts* Vegetable Products Synthetic Products

Perlite Str aw Polyurethane
,lic Hay Polystyrene

Ver M ite Sawdust Polyester Plastic Shavings
Clays Bark Urea Formaldehyde
Volcanic Ash Peat Resin Type Foams
Chalk Kelp
Fly Ash Corncob Gri;.dings
Carbon Powder Modified Wood Fiber
Activated Carbon

*Many of these are also used as sinking agents

Since the I-.1r-C volumei ol, "oil sorhcnts, makcs for NANk mnaterial with it.,
aittendant storac mnd Itandlineg difficulties, the feaslibilit% ol, onl-site sorbenit
precparation is being, investig-ated. Tlse for-m1 used depenlds oil the nature 'ind
c.ir-cumIstanlces of, thme lm,ardouls chemilical disehsarge. Mops. pillo\s s. chsip". anld
smnall sheets are u1seful1 inl el~lein mll SVA d iSCIharue. while r-opes. stste.Ild
brooms have been used e letc elvl~ to eon ta in a[s we;ll asN e leanu P1 d ishdareed
elhe micalIs.
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6.4.4 Other Methods of Treatment

* I muWlsih'rs and dispcri~snt, ( page 0-84

" Sinking agents, Co,2~aguiltS Mnd fh0(,CcIkib( alt(-S

" IlioloeicalI deg~radation 0 dg -9')
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6.4.4.2.1 Sinking Agenits

ti Ic iN'l i It t.I t h 1CkIcN i N k Ine tiecni Llrk ()uoIni mk im, N Ilt II.N tl~.

ofi~i rvcN ho t c NnIlk, , d mii I),- zi \( ic mFi.li i qi'ilicid 11iloeN d no t ink.iF

Smk[1 ji Fil~l dkl.'L ItiI~ h o

'imrIt . I vtiic tic tho Nliin hhd o rrc (i11-1 on pill O \\ dith hiul\ i toi111c

ho il \itIC~i it I t.Fiilk itiiici 'diuhi\ 1lIttri t l AndFitF h it mtt lull 1111 t.u c. I lit..

totim hi it 111 tt' uimil t [1CI11il oNthh llic~i poNtm'ttt.Im o l riut Ii omol. Ii\pC- pin t lk

n ~ ~ h, icNc o r.tiilli ou' jtic i l i'l h rcltmsc itt hit. to!i Iti)Chuith

Iilir Ir c n t : cm ilc'ft he rt c llN ur tlic from thut rCtcd ut tuti il: oldu thu I

v r I ict ho iicdi ciruic io sink tht:, I ot-tun \ cheinic l \Io il \ i c\ fi cic 1-1iI

mucl i iiiticrt ~kit Iuihc tu c p rtt i td . d ( I0 11110 1 i ll u (ivomcl 0111 Iiiili llit ott

rN'l'.~t thI\ it lilNtcld W \titlil ii. chIuic tith cttI Ii o t.\i.iikto pll ohf

0F. .I I)TipLitC i.tuutq IfIIL rlltllC fiiidili l~l irti p.iikrtt ofI, il tI piirtix ILf)II

Ill iddiiol w I If il , otit'l"in i N fd i t-I-lt L 1"d L I~ ' I d "~ d



tlc~~~ii I It a clka It III III I~ij~ It LW I ho tJl)I iNfIh I Nd 1 1 I IbtI Ic

ch Iordc to tic hot toln

\I f+ C N ++

chlo ridc.

6.4.4.2.3 Coagulanits and Flocculants
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Step 2 -- Prepare the agent(s) for dispersal. They may be applied in dry

form or in a premixed water solution. The dispersal equip-
ment available may govern this choice. If more than one

agent is to be used, they may be mixed together.

Step 3 - Disperse the agent(s) in the discharge site evenly over the whole
area, adding between 10 and 50 grams of the agent (dry
weight) for each cubic meter of water to be treated.

Step 4 - Mix or agitate the water rigorousl' for about one minute

immediately after the addition of the agents: then follow up

with gentle mixing for an additional five minutes.

Step 5 - Allow the coagulants and/or flocculants to settle.

6.4.4.2.3.1 Background Information

Coagulants and flocculants are, in a sense, related to both absorbents and
precipitants. They act to coagulate and then precipitate colloids (matter sus-

pended, but not dissolved within the water column) and are used in industrial
waste water treatment systems. Coagulants are materials which encourage aggrega-
tion, such as precipitation and/or flocculation (and are the opposite of dis-
persants), while flocculants are materials which precipitate themselves and, in so

doing, scavenge out and bring down with them other substances, notably pol-
lutants. Alum (potassium aluminum sulfate), the most widely used, is commonly
used as a water-treatment chemical. Other coagulants and flocculants given are:

Coagulants Flocculants

Bauxite (aluminum sulfate), Aluminum ammoniul sulfate.

Ferrous sulfate, Bentonite,

Ferric sulfate. Calcium carbonate,
Sodium aluminate. and Carbon dioxide,
Hydrated lime or quicklime. Sodium silicate, and

Synthetic acrylic polymers.

The study of coagulation and the formation of flocs is one of the most important
subjects in applied colloidal chemistry. They represent a considerable technology,
especially in the field of water treatment. However. this technology has rarely
been applied to the problem of hazardous chenical discharges in nat ural water
bodies. The physical chemistry of floc tormation is highly complex, involving the

electrostatics of charge distributions near and on particles and their surfaces, and
can be strongly affected by factors such as acidity (pH) and the presence of salts.

The behavior of a coagulant can be qluite different in fresh, brackish. and sea

water.
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A special type of coagulation has been proposed to clean up oil discharges -

namely, gelatinizing - but no practical use has been made of this suggestion.

The greater the state of subdivision of sinking agents, coagulants, and
flocculants, the greater is their effectiveness. Sufficient chemical should be spread
in a single pass. A rotating disk-type granular fertilizer spreader can cover strips 50
to 100 feet wide, but this device does not work well for smaller particles and not
at all for fine powders. The wind can help in spreading fine powders. but its
assistance is unreliable. Crop-dusting techniques from airplanes or helicopters are
applicable. In the case of sinking agents treated with surfactants. they will spread
upon the water, even if dumped from shipboard. When fine powders are dis-
tributed from a ship, the vessel must be navigated in such a way as to keep it out
of its own dust cloud. The ship's wake and other water movement help to
distribute the powdered agent- however, if too great agitation is sustained, it will
impede the coagulation and flocculation processes, prevent settling, and keep the
hazardous chemical in suspension.

6.4.4.2.4 Recovery From the Bottom of Chemicals That Have Bee,
Treated With Sinking Agents

The river beds of heavily traveled inland waterways, harbors, and coastal
areas have been found to have a top layer of accumulated organic silt which is
mixed with industrial pollutants that have been generated from industrial waste
discharges. Serious consideration is being given to removing this spoil material to
ease the adverse impact of such obJectional deposits. Such action would entail
extensive dredging operations in most of our navigable waterwaNs (at least around
metropolitan areas). A similar situation would be experienced in a specific area
when a heavier-than-water chemical discharge occurs, or when sinking agents.
coagulants. and flocculants. etc., have been used to sink a hazardous chemial.
Depending on the toxicity of the chemical, a decision must be made either to
leave it in place or remove it by dredging. Should a decision for removal he made.
surficial sampling of the bottom would be necessary, using a small grab sampler.
to determine the area of underwater pollution. Following this action, suction
dredging techniques should be applied to recover and saf'ely dispose of the
chemical. Suction dredges are recommended since other dredge types that use
wire-line bucket techniques are chronic )olhlting causes in that they rile the
bottom on impact and are prone to material "boil-out" during the rise to the
surface. Such action would reactivate the suspension of the chemicals in the water
column. Both equipment and general advice on dredging may be obtained trom
the U.S. Army ('orps of Engineers.
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6.4.4.2.5 Problems Associated with the Use of
Sinking Agents, Coagulants, and Flocculants

The main problems associated with water treatment with finely powdered
sinking agents, coagulants, and flocculants are:

I ) Handling and distribution of fine powders,
2) Burial of benthic organisms,
3) Escape of the pollutant, and
4) Removal of deposits from the bottom.

Protection of personnel from fine powders and cleanup afterwards of the ship and
spreading area are further considerations. When the sediment and hazardous
chemical are removed from the water, they then present a disposal problem,
especially if the volume is large. Ocean-dumping of such contaminated sediments
in dredge spoil or hazardous chemical areas is perhaps preferable but not above
criticism. Lagooning and burial leave a persistent danger of the escape of the
chemical by leaching, or by flooding and other accidents and catastrophes, while,
on the other hand, incineration of sediments contaminated with hazardous
organic chemicals could produce air pollution. Then too, the removal of the
contaminated sediments by dredging or other techniques, if not carefully per-
formed, could result in a resuspension of the hazardous chemical in the water
column. Unless there are very compelling reasons for the removal of the polluted
sediments, in order to avoid compounding the hazard, it is often just as well to let
it lie on the bottom and to accept the damage to local benthic life and that caused
by slow leaching into the water column. However, the possibility of accelerated
transfer into the water column and into biota in a predation food chain must not
be overlooked. For this reason, following the discharge and its cleanup, the level
of chemical in the biota, much more so than in the water column or even the
sediments, should be carefully monitored.

6.4.4.3 Biological Degradation of Chemicals

Biological degradation is not an emergency response procedure. This
process is discussed in this Handbook because it is one way in which
nature may take care of the discharge. Procedures for initiating this
process have not been developed to the point where they can be
considered for use during an emergency.

6.4.4.3.1 Background Information

The list of hazardous chemicals may be divided into two general groups
organic chemicals and inorganic chemicals. While micro-organisms in the aquatic
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environment will take up some inorganic chemicals from tile surrounding water.
the quantities absorbed are low. Therefore, discharged inorganic chemicals tend to
stay in the water for long periods of time. On the other hand, many organic
chemicals are consumed by micro-organisms and may be removed from the water
over a period of time by this biological degradation.

Organic chemicals in the environment (whether from an accidental discharge
or from natural sources) are decomposed by natural processes which depend
principally on the activities of micro-organisms, such as bacteria, yeast, and
molds. The organics are consumed by micro-organisms as food and are either
metabolized to carbon dioxide and water or used to build additional cell mass.
Once the organic chemical is consumed, the organisms either die and add to the
nutrient levels in the environment or enter tile food chain of successively larger
animal species.

Biological degradation is at best quite slow. Under laboratory conditions,
organisms can rapidly decompose organics, but the degree of oxygen transfer,
agitation, nutrients, and temperature control attainable in the laboratory cannot
be duplicated in the natural environment. This is particularly true for relatively
insoluble organics on the surface of the water; the interface between the organic
chemical and water (where the micro-organisms concentrate) limits the rate of
oxygen and nutrient transfer.

Many suggestions have been made to enhance the speed of acton of
microbial decomposition. These suggestions have included the addition of bac-
terial species that have been especially selected for rapid attack on certain organic
chemicals, the addition of inorganic nutrients (such as nitrogen and phosphorus
compounds) and the provision of additional oxygen by aeration devices.

In lakes, rivers, estuaries, and bays there are usually sufficient inorganic
nutrients and a large number of micro-organisms so that microbial degradation of
discharged organic chemicals is readily initiated. In these locations, the factor
limiting decomposition of the organic materials is usually insufficient oxygen in
the water. To overcome the oxygen deficiency, floating aerators or submerged air
distribution devices can be employed (see Section 4.4.2). Increased oxygen will
not only speed up oxidation of the organic materials, but may prevent injury to
fish and other aquatic life due to depletion of dissolved oxygen in their environ-
ment.

Addition of special cultures of bacteria is difficult to justify on theoretical
grounds in areas such as estuaries and harbors where large diverse microbial
populations exist. Furthermore, the practical problem of maintaining stocks of
specialized bacterial cultures to attack several hundred possible organic corn-
pounds is so burdensome that reliance must be placed on tile naturally occurring
m icro-organ isms.
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Likewise, addition of inorganic nutrients is usually unnecessary except in the
open ocean. Therefore, the only practical method of enhancing microbial
biodegradation of hazardous organic chemicals in the water environment is to add
oxygen by aeration.

Some other corrective responses, such as skimming, sinking, burning, or
dispersion, leave varying quantities of the organic material in the water. Removal
of the remaining material depends ultimately on the natural biological degrada-
tion caused by the metabolic activity of yeasts, bacteria and molds. If the organic
material is spread through a swamp or bog, much of the cleanup must be left to
natural biodegradation, as other methods may not be suitable. Where cleanup can be
left to natural biodegration or to degradation enhanced by aeration, the method
has the advantage of not introducing additional materials which might be environ-
mentally damaging, such as dispersants, neutralizing agents, or fire into the
cleanup.

The principal disadvantage of biodegradation, or even enhanced biodegrada-
tion, is that it is a relatively slow process. With some organic materials the
decomposition rate is so slow that the materials are considered nonbiodegradable.
Nevertheless, most of the water-soluble organic compounds and many of the
relatively insoluble compounds will gradually degrade and hence be eliminated
from the water environment.

6.4.4.3.2 Factors Affecting Biological Degradation

In any natural aqueous environment, indigenous or inoculated microbial
strains will decompose many organic chemicals either by aerobic or anaerobic
metabolic processes, depending on the availability of oxygen. The most effective
of these is aerobic degradatiom the anaerobic processes are much slower. The
oxygen concentration in a body of water depends on: (1) temperature (oxygen
solubility decreases with increasing temperature), (2) biochemical oxygen demand
(the biological load in a localized area which consumes the oxygen),
(3) re-aeration (the rate of oxygen transfer across the air-water interface), and
(4) diffusion (the resupply of oxygen through the water phase).

Open water normally has sufficient oxygen concentration in the surface
layers. However, some rivers and lakes may have critically low oxygen concentra-
tion levels because of their high temperature or because of oxygen depiction by
industrial waste and municipal sewage. Furthermore. except in well mixed
environments or shallow water, oxygen is generally more abundant near the
surface of the water. Thus. decomposition will proceed faster on the surface than
on the bottom.
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Depending on the available oxygen concentration, micro-organisms use
organic chemicals either (I) to produce a new cell matter or ( 2) to metabolize it
into carbon dioxide and water. It takes approximately two pounds of oxygen to
convert one pound of hydrocarbon to new cell matter and more than three

pounds of oxygen to convert a pound of hydrocarbon to carbon dioxide and
water. As microbial activity increases, th,. comparatively small amount of oxygen
dissolved in the water will be depleted, and the rate of decomposition will then
depend on the rate of oxygen rcsupply. Resupply rates depend on (I) the depth
of the receiving body of water, (2) the temperature. (3) the wind velocity, and
(4) the level of oxygen dissolved in the water. In a 7-mph wind, typical resupply
rates are approximately 40 pounds of oxygen per acre-day. Thus, the long-term
rate of decomposition of hyu,, carbons by microbial processes would be limited

by oxygen availability to approximately 13 to 20 pounds of hydrocarbons per
acre-day (approximately 0.0001 inch oflhyd')carbon from a surface layer per day).
More highly oxygenated compounds, such as glucose, require about one-fourth as

much oxygen but decomposition still would only be a maximum of 80 pounds
per acre-day.

Whichever process the oxygen level dictates, microbial degradation will

depend additionally on the following parameters:

Presence of Suitable Mi'ro-orgaliisms Many different micro-
organisms are required to consume the various types of organic

chemicals which may be present in a particular discharge. These
organisms are widely distributed in nature and are especially
prevalent in areas exposed to frequent organic chemical discharges.
They multiply rapidly when sufficient nutrients and carbon
sources are available. The inoculation of an area with specific

micro-organisms might initially speed the decomposition, but the

presence of the right organisms often may not be the limiting
tactor to the overall rate of decomposition.

Trpes of Organic (iemicals In general. organisms readily attack
water-soluble carbohydrates. alcohols, esters, acids. etc., and more

readily attack straight-chain hydrocarbons than naphthenic or
aromatic hydrocarbons. Although hydrocarbons are generally con-
sidered to be insoluble in water, straight-chain hydrocarbons up to
C, 8 have a solubility greater than 6 parts per billion. This con-

ccntration is sufficient to allow good sorption by the micro-
organisms. It also allows them to grow at a rate sufficient to utilize
the oxygen available in most natural water environments. The
hydrocarbons of higher molecular weight are very insoluble and
thus are consumed more slowly.
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* Tetinierature As the temperattre rises, the metabolic activity of

micro-organisms increases but the concentration of oxygen in the

water decreases. The net effect is normally an increase in the

overall rate of decomposition. Even at the low end of the tempera-

ture range, however, experiments indicate that significant rates of
decomposition will occur if sufficient oxygen and nutrients are

available.

('oncentration of lnorganic Nutrients - Nitrogen and phosphorus

in significant quantities and in a form available to micro-organisms

are needed for the utilization of organic chemicals. These nutrients

are usually present in most aquatic environments, except in the
Upper layers of the open ocean, where the small concentrations of

phosphorus and nitrogen limit the rate of microbial activity. The
total phosphorus content near the surface of the Atlantic Ocean
has been shown to be less than 0.003 milligram per liter. Since
bacteria are approximately 214, phosphorus, this level of phos-
phorus in the ocean would support a bacterial concentration of
only 0. 15 milligram per liter.

Water p1 - Except in spills of acids or bases or near the effluents

of certain industrial operations, tile pH of the water in most

environments is in the range needed for rapid growth of micro-

organisms.
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6.5 CLEAN SHORELINES*

Potential Methods

4 Cleaning hard surfaces (page 6-97)

* Mechanical removal of tile chemical (page 6-98)

* Restoration and Disposal (page 6-99)

The use of detergents or surfactants for cleaning shorelines is

not acceptahi.

6.5.1 Cleaning Hard Surfaces

6.5.1.1 Steam and Hot Water Cleaning

Steam and hot water cleaning from a surface craft or by using a portable

steam or hot water generator is a proven method for removing oil and other

contaminants from rocks, cliffs, piers, and other surfaces. Detergents should not
be added to the water being applied. This cleaning procedure drains the con-

taminant back into the water body. Floating hooms or other containment devices
should be deployed to entrap the resulting slick effectively for eventual recovery

and disposal.

6.5.1.2 Abrasive Blast Cleaning

Abrasive blast cleaning has been used onl rock, cement, and other hard

surfaces. It should not be used on wood surfaces since the force of the jet and the
abrasive will cut into the wood and thus weaken any supporting structure. There

are two types of blast cleaning: wet and dry. The dry method raises considerable
dust which creates a severe health hazard to the machine operator and nearby
workers, especially if silica sand is used as the abrasive. There arc two wet method

systems. In the first system a premixed slurry of sand and water is fed

through a hose to the dispensing nozzle. In the second method water is injected
into the sand as it is dispersed from the nozzle. The operator of this equipment

Methods described in this section are, for the most part, derived from: Der, J.J., and
Ghormley, E., "Oil Contaminated Beach Cleanup," Technical Note N-1337, Naval Ships

Systems Command, Civil Engineering Laboratory, Port Hueneme, Cal., April 1974.
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should be equipped with lull protective clothing, including complete coveralls

(generally leather), gloves, and a self-contained, air-supplied protective helmet. As

with steam and hot water cleaning, containment booms should be applied around

the blasting area, it the surface being cleaned is directly above the water. If the

cleaning is conducted at low tide when the deris would fall on the beach or other

solid surface, it can be physically removed before the tide returns to cause

recontamination.

6.5.1.3 Hydraulic Dispersal

High-pIVssure water hoses, properly directed, can clean most any type of

contaminated surface. Again booms must be deployed to contain the dislodged
contaminant. Tide and wave action can, in some cases, be used to advantage as a
beach cleaning method, if containment booms can be deployed beyond the

breaker zone and surface skimmers are used to recover the resulting slick.

6.5.1.4 Burning

The burning of flammable deposits on rocks and other non-combustible

surfaces using a high-intensity flame has not proven very successful. Severe

spalling caused by the rapid heating may become hazardous to tle operator and
cause disfigurement of the material being cleaned. In addition, also the burning of

oil and straw used to absorb tle material on the beach itself has not proven very

successful because of the excessive smoke and odor which ensue. Thus tle
technique has been discontinued.

6.5.2 Mechanical Removal

6.5.2.1 Mixing and Burying On-Site

Relatively heavy deposits of viscous materials that have not penetrated the

sand can be removed by earth-moving equipment and buried in trenches away
from the beach where ratural biodegradation May eventually degrade tle mate-

rial. The probable behavior of the chemical after remaining buried for a prolonged

period should be carefully evaluated before following this procedure.

Where the contamination of beaches is relatively light, but widespread.

cleaning may be accomplished by promoting evaporation of the more volatile

materials, enhancing biodegradation. and by diluting some materials to acceptable
levels. This decontamination may be accomplished by the use of mechanical
equipment, such as a harrowing plow or a beach-cleaning machine.
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6.5.2.2 Sorption

Sorbents such as straw and sawdust (see Appendix A for other materials)
may be used to soak up oil-like chenlicals that are on the surface of the beach or
at the water's edge and also from rocky pools or depressions. Straw has been
employed more than other materials for collecting oil discharges. It performs
most successfully, as do other sorbents when it is spread on the shoreline prior to
the arrival of the floating oil (and perhaps other chemicals).

It is important that sorbents be properly harvested since, if carried back into
the water by tidal action, they will lose their effectiveness and can fool the engine
intakes of marine craft as well as pumps and filters of cleanup eqlipmnl.

6.5.2.3 Mechanical Equipment

Mechanical removal of contaminated sand and sorbents may be required
when the contamination is relatively heavy. If the beach or shoreline is accessible
to wheeled or tracked equipment. motorized graders, scrapers. front-end loaders.
and bulldozers can be used to remove contaminated layers. Motorized elevated
scrapers and wheeled frent-end loaders are particularly useful for carrying the
material to loading areas or burial sites. Wheeled vehicles are usually preferred
over tracked equipment. because they are less apt to grind contaminated material
into the sand.

A guide to the conditions under which various types of equipment may be
employed is given in Table 6-3 and time estimates of cleaning rates are given in
Table 6-4.

Other equipment. such as draglines, may be used to remove material that
may not be otherwise accessible. Clai-shell buckets have been used, for example.
to load contaminated material onto barges for transport to disposal sites.

6.5.3 Restoration and Disposal

The disposal of contaminated sand, gravel, and sorbents can generally be
arranged through the nearest municipality and frequently by the contractor
supplying the cleanup equipment. It generally is disposed of by burying at
existing or specially prepared land fill sites. Great care must be taken, however, to
ensure that the contaminant does not filter into the subsurface water reserves.
Local environmental control agencies, as well as the Environmental Protection
Agency, should be consulted on the land disposal of any hazardous chemical.
including oil. For many chemicals other than oil, specialized disposal procedures
may have to be developed at the time of cleanup.
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TABLE 6-3

METHODS AND EQUIPMENT FOR CLEANUP

OF SAND AND GRAVEL BEACHES*
(oil contamination)

Size Type Type of Beaches
of of

Area Oil Depth of Penetration Fine Sand Course Sand Gravel

shallow (/i to 1 in) Grader & ES** Grader & ES -

Heavy moderate (1 to 9 in) ES ES ES
deep (> 9 in) - Bulldozer WFEL'** or

Large Bulldozer

Light Harrow plow or beach-cleaning machine

Heavy Manual removal and replacement of sand
Small

Light Manual rrmoval, rake

*Taken from reference cited in Table 6-4.
* ES - elevating scraper

*WFEL - wheeled front-end loader, for firm ground only

TABLE 6-4

APPROXIMATE BEACH CLEANING TIME RATES
FOR DIFFERENT TYPES OF EQUIPMENT*

Approximate Rate
Equipment (hrs/acre)

Combination of motorized grader and
motorized elevating scraper 3

Elevating scraper 3

Combination of motorized grader
and wheeled front-end loader 6

Combination of motorized grader
and tracked front-end loader 30

Bulldozer 50

Der, JJ., and Ghormley, E., "Oil Contaminated Beach Cleanup,"
Tech. Note N-1337, Naval Ships Systems Command, Civil Engineering
Laboratory, Port Hueneme, Cal., April 1974.

Restoration of the shoreline after removal of the contaminated material riiay

require expert help from marine biologists and environmentalists. Where sand or

gre I may have to be replaced. the ('orpS of Vngineers may be able to provide the

necessary expertise and equipment.
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6.6 SALVAGE OF WATERFOWL

Potential Methods

C,-I UTION: Gloves antd other pro tection should be worn whent handling
the larger birds haring strong legs antd beaks.

Detailed procedures for treating waterfowl exposed to oil discharges have not
been well developed, and there is little or no informiation on treatment for
exposure to other hazardous chemicals. Experiments* with the treatment of
waterfowl would indicate, however, that the following general guidelines should
be followed when salvaging waterfowl exposed to oil slicks:

I. Seek assistance and guidance from personnel knowledgeable in the
habits and care of birds and waterfowl. They may be found by
contacting agencies, such as -

* U.S. Sport Fisheries and Wildlife Service
" State Fish and Game Departments
" Municipal Zoos
" Federal Water Quality Control Office
• Local Universities -- Zoological Departments

and Schools of Veterinary Medicine

2. Proceed to salvage the contaminated birds according to the follow-
ing general procedure:

• Bring the birds to enclosed pens where they can be properly
treated.

* Remove oil from the plumage ui2',: special preparations. ('are
must be taken to keep physical damage of feathers to a
minimuml.

* Waterproof feathers with a recommended preparation.
* Feed the waterfowl with natural diet as soon as feasible.
* Release the waterfowl as soon as the treatment has been

deemed adequate.

An excellent iliustrated booklet on the salvage of waterfowl entitled, "'()per-
ation Rescue, ('leaning and ('are of Oiled Waterfowl." is available from:

Distribution Services, American Petroleum Institute, 1801 K Street. N.\..
Washington, ).C., 20006

Much of the material for this section of the Handbook I'as been taken from Griner, L.A., and
Herdman, R., "Effects of Oil Pollution on Waterfowl - A Study of Salvage Methods," for the
Water Quality Office, Environmental Protection Agency, 1970.
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6.6.1 Background

Large oil discharges entering water bodies inhabited by waterfowl can create
a serious hazard to the birds, since they have been known to enter the con-
tarninated area with no apparent concern. The primary hazard for waterfowl
exposed to oil appears to be the effect that it has on their plumage, since some
oils, such as that discharged at Santa Barbara in 1969, have not been found to be
toxic to waterfowl. Penetration of the bird's plumage results in a reduction in
mobility with a subsequent deterioration of the bird's health. In fact, unless
removed, oil contamination may prove fatal to a large percentage of birds that
become exposed.

Past attempts to clean birds exposed to oil dischaiges have met with only
limited success, however, procedures have been developed which have effected
some percentage of complete recovery. It is expected that better methods of
treating oil-contaminated waterfowl will be developed in the future.

Treatment methods may also have to be adjusted to the species involved.
There is evidence that birds that live on both land and the water, such as ducks
and geese, can be handled and cared for more readily than tile pure aquatic types,
such as grebes and loons, whose primary habitat is the water.

Because of the difficulties associated with the successful salvage of con-
taminated birds, expert assistance and guidance should be sought. This will be
even more important when contamination is caused by other hazardous chem-
icals.

6.6.2 Salvage Methods for Oiled Birds

The following procedures for the salvage of oil-contaminated waterfowl have
been reported in the work (previously referenced) sponsored by the Environ-
mental Protection Agency.

6.6.2.1 Cleaning Operations

The contaminated birds can be cleaned by immersing them in a specially
prepared solution, taking care to keep their heads out of it. They are then
scrubbed by hand in the direction of the feathers. In severe cases, some ruffling of
the feathers may be necessary. After washing, the birds are rinsed in clean water.
In one (referenced) experiment, a 154 solution of a water-soluble organic formula-
tion called Polycomplex A-II ,nanufact ured by the Guardian Chemoical Corpora-
tion. was the most effective. Another compound, called Larodan 127, a three-
component cleansing/waxing system produced by Skandinavisk Olje (Goteborg.
Sweden ), was also tested.
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The removal of the oil from the birds' plumage may also remove the
waterproofing agent necessary for their buoyancy while in the water. It the
cleansing agent, such as Polycomplex A-I I, does not contain a waterproofing

material, other preparations may be administered after cleaning. Two preparations
that were used involved one percent solutions of lanolin and spermacetti wax in
hexane. These solutions are layed over the surface of the water in a large basin

and the birds immersed in it.

After treatment, the birds are allowed to dry naturally. The use Of towels.
heat lamps. and other artificial drying methods appears to have been excessively
harmi ful.

6.6.2.2 Feeding

It' the salvage of oil-contaminated waterfowl is to be successful, it is impor-

tant that feed intake equal the energy needs of the bird. A good plan of nutrition
is required to counter the adverse result of stress and loss of appetite. For
fish-eating species, this may present a problem. )ucks may accept grain and

complete poultry 'ations with little difficulty.

6.6.2.3 Release

The eventual release of the trea:ed birds should be evaluated by competent
experts, when feasible. It is important, however, that aquatic species be released

as soon as possible, as prolonged, close confinement has been shown to lead to
fatal illnesses.
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7.0 PROTECTIVE CLOTHING AND EQUIPMENT

Response to ia/ardous chemical discharges require, that all personnel

involved in response actions that may lead to exposure in any way be adequately
protected. A partial list of manufacturers and suppliers is given in Table 7-1 and
an indication of clothing material suitable for protection from specific chem icals
is given in Table 7-2. Although this latter table is for the selection of gloves, it
provides some indication as to materials suitabl- for other clothing.

Personal protection must be worn when responding to chemical and acid
discharges and tile equipment ulist he adapted to a particular hazard from two

aspects:

I t) It must be constructed of materials which are resistant to the
hazardous chemical: and

121 It inust protect areas and ftunctiOnS of tlie Iliiman body which are
susceptible to the ha/ard.

For example, a dilute corroivc acid inight be harnful to the eves. blt rtlatiClx
harmless to the skin except for long exposure. Personnel working around such a
material should be adeIuately protected by wearing enclosed safety eyeglasses
and impervious rubber gloves. Whenever practicable, shower facilities should be
as ailable in the event of unexpected widespread contact with the chemical or acid
pollutant.

Hie compatibility of the construction material of protective clothing with
tht. discharged substance largely depends upon proper identification of the
dis:harged' che'mical I lht' e lastomers and thlie polymeri/ed plastics are suitable for
a %ter% large spectrum of ha/ardous chemicals. Indeed. the ter1m "coip: tibilit is

less significant than the usable time before deterioration of tile material. [or
short-Wt'rm action,,. a multitude of materials may provide tenporary protection:
for long-term actions. only a select few might be suitable. An estinate Af tile

permissible usage tine should he made, and a conservative one in the case ft'

highly toxic or corrosive chemicals.

rhe htuman breathing function can be protected by some tormn of gas mask.

These are of several principal categories:

" Respirators a filter against particulate matter and solid dtsts:

* The canister-type mask a passive device which removes a specific
vapor or gas as it passes through the canister:
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TABLE 7.1

PARTIAL LIST OF MANUFACTURERS AND SUPPLIERS
OF PROTECTIVE CLOTHING AND EQUIPMENT

('.A Ii'I0.V 77his list is i tither cotmprehensie tor does it impl '
approval or disapproval of products hi" tei, U.S. (oust Guard. kor
complete listings o" products and mataiwturc'rs consult compilationis
such a.%.

Rest L Aniromental (ontrol and Safe'ty Diructor', and
Thomas' Industrial Products Register

American Industrial Safety Equipment Co.
35 12 Lakeside Ave., Cleveland. Ohio 44114

American Optical ('orp., Safety Products Div.
Southbridge, Massachusetts 01550

Bllard Co., E.D.
2680 Bridgeway, Sausalito, ('alifornia 94965

Cesco Safety Products. Inc.
2727 West Roscoe St., Chicago. III. 60618

Goodall Rubber Co.
Box 63 1, Trenton. N.J. 08604

Mine Safety Appliances Co.

201 North Braddock Ave., Pittsburgh, Pennsylvania 15208

Pulmosan Safety Equipment Corporation
30 48 Linden Place, Flushing, N.Y. 11359

Safety Clothing and Equipment (o., Division of Safety First Industries
1942 East 69th St.. Cleveland, Ohio 44103

Scott Aviation, Fire/Safety Products Division A-T-O Inc.
225 Erie St., Lancaster, N.Y. 14086

Uniroyal. Protective Footwear and Clothing Division
58 Maple St.. Naugatuck. Conn. 06770

Welsh Manufacturing Co.
7 Magnolia St.. Providence, R.I. 02909

Wheeler Protective Apparel, Inc.
238 West Huron St.. Chicago. Ill. 60610

Willson Products Division, ESD Inc.
P.O. Box 622, Reading, Pennsylvania 19603

There are also many local suppliers who act as distributors for the above
companies. The names of such organizations should be listed on a pre-response
basis.
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TABLE 7-2

CHEMICAL GLOVE SELECTION CHART*
(From Best's Environmental Control and Safety Directory)

awaw MNMM aolomtny poly. olbaoat blom mi .m
Inile pran oml Vigo tt w M aya Bbw panm bill VIVO Maw SO

MWmmad F., E F p C E ferric Nitrate G G.E C 1
owe umtaaa P F.C.C G Pr E C Ferric Sulfate C G.1E
Ckvatuu PF F.G G P C C Ferrus AmnuSlfate F G.E E
B6 uueugbuhu P F,C F P.F,G E G FleaboricAcid C G.E CI P
Ilists, 146tkg alham P F F FluoitiCccid G G.E
Ebtewns P Pr P PF G C Fluorine P F F 1 & C
ChtoeeoltooascAcid P pFr Fluorine Gas G G.E G 6 C C
Caloetiaaesu P PF C C Flaorrienzeeew P F F E
Croic cid50 PF FGE F G.E P G Forelelud40% P G.E E P
Chromic: kcid Eon. P P,F C Foroalehyle G.E E C E P I
Citric kid G.E E C E P C Formic kcid 10% F.C.C G.E E I P E
Ellen F C C P FormickAidCoe F C C P
CecuaNAOil P C C CG FreonI I P F F C C F
Cod Lw ilSC P C C C Freon 12 PF.G F.G.E F F.G F I
CallsOwneoo C G.E C Freon 21 P P.C F F.G E F
Copper Chloride P G.E G Freon 22 P F,G F F C F
Caoper Suldate C G.E C C Fruit Juice P P,.. C P
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CiacetoeesAlcohol F.E C C P F G oaezo-! P F.G C F C
Cieclow F C F H41ylkAetata p F F F C
01ienzyEthter F.G C C P F C MarolAlcohsol F G C f
Cabotyl Amno C P,F F C Hydraulic Fluid.-
Osbutyl Ethier p pr F G Petrol Base P.F C C C C C
Orbatyl Phthalate PfF G.( F F C G Hydraulic Fluid-
Cichoaroacetic Acid P Pr G Y Ester Base P E C C C G
C-Dicloeoeoe P P,F G G Hydrobromic kcid 40% C C C P
Cicldo et P P.F F P.F,G C G H ydrochloric Acid 301 G C C C P G
Cichlifserpoair P Pr G P.F,C E G Hydrochloric Acid Coe. G CI P
Cscyclidsoylanu F G.E C C Hydrocyanic Acid C C C P
Diesel Oil P,F,G G.E G C E C Hydroltoonic Acid 30% G.E G.E C G.1 P G
Eietlianolaorire F.G C C C F C Hydrogen Gas G.E G.E C C
Dietrylamine P,F.G F,G,1E C G F G Hydrogen Peroxide C G.E C C P,F.C
Diethyl Clyce G G.E C P Hydrogen Sulfide C C
Diet"iy Etr P Pr F P H=olrous Acid C P C P
Ciethyl Seliacte P Pr F C Iodine G C P.F.G

iowdbonntfae P P.F F C lnergeolic Sellts C C C G F I
Ci-sobretyt Malon Pfr pS P P.F.C G F Isodoisecane P C G
Di-ieopropy kateee F P,F C G Isooctmne P F.G G G C C
imnuthyl Holin P P,F G C Isophorona G

Cioctl PIlltH PF P.F.G P P.F,G C G Isopropyl Acetate F C. C F
omae P,F.G F.C.C C C P C Isopropyll Alcohol G.E G. C E F

Dioulane F F.G C Isopuopyl Cloride P C C C
Orpeestene P F,G C soupopylEther P P I C
Ophiefotearie HCI P P,F F Kerosene PF G.E i G.E C
Dow thorns ME) P F,C C C Katones F.G P.F.G G P C C
Etba G C C C C G Kraft Iiquro p p C
Ctlamiae F.G I. C P Lacquer P P G P

Ethei CI Lacquer Thiners PP F.G P.F.
Ethytate F C C P.F F C LactickAid F.C. C C G P f
Ethiflhcei~teel G G.E G F Lard P C C C
Etbo Alcchol G. E C C E F C LourickAid F G.E C 6 C
Ctlfiline P F.G P C F F toead Chlarids F P.C &
It"yteeae P P.F G & C Land Nitrate F P.C G
Elfelaoet p P.r C toad Seltaiate C G 6 C
Ethyl CellIseeN C F. C LaetickAcd P G.E C F
Cyl0btaide P Il F. Llnaedlt P C .6
Ethy l ftrohydria F P.F P.F tithesm Bromoide F F.C G
Elae Dimw C F,.. C C F C Lvbtnili 001"I P C F

Etylnibrmede P P,FC PF Fisgo M ges.Bummnde C C
Cylemceie P F F.C P C C Magneom laoride C C

EGau.1c C E C C C Mgaelahm Nitrate C CG
Ftyeeriul..rldS P,F C P Cowo FSuge lfide

Ethyl Faseo F' C C F CI Molelki F.C. 9.C C C
Itho arcuplu P Cif C P Maeeelft CF

P PS11 BWy Me lpa e C C. C C

S omwtla Sn.C I I I IP E
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S afely gloves and clothing for protection against chem- in its resistance to individual chemicals. This variation
ical hazards are available in numerous materials, is reflected in the occasional dilerences of ratings shownMany of the manufacturers of such protective clothing in the manufacturers' charts and will also be evident in

have published charts showing the suitability of their the table presented here. In other words, a material rated
clothing materials for various chemical hazards. The as "Fair" by one manufacturer might be rated as "Good"
following table is compiled from several such charts as by another. The table here will therefore show both
a general-purpose guide to the selection of suitable chem- "Fair" and "Good" for the material. It will also be noted
ical safety clothing materials. While the manufacturers' that there are no ratings for some of the chemicals under
charts were intended primarily for the selection of chem- specific materials. This absence of a rating means that
ical gloves, the data applies equally to chemical garments manufacturers have given no indication of the material's
such as aprons, coats, hoods, trousers, coveralls, and suitability, or lack of it, for the specific chemical. The
suits, absence of a rating should not be interpreted as either

It should be remembered that the thickness and spe- a recommendation for its use or as a sign of its unsuita-
cific formulation of a material can cause some variation bility.

CODE FOR CHANT
P--P..4
F--.trl

--Oeed
9.--ftQ1116"

CHEMICAL HAZARD CLOTHING MATERIAL CHEMICAL HAZARD CLOtISW WMTIIW
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Rubberhyd proe Bana-N Vinyl Alcohl ethylene Rbbker rome yi iso = ellteAcetaldehyde G G,E E P,G F 6 Ber E I IIAcetic Acid GE E E E PG E Best Sugar iqors 6 6 E FAcetic Acid Glacial F F P,F P huausw$lyde PJ PJ 6 1 F 6Acetic Anhydride G G F,G P Brene (haul P FA 6 P.. E 6Acetonitrile G G G G Bezen SlfogI¢ 10% P 6 EAcetone G.E G.E G F F G Bezyl Acoo FGU I E 1 6 1
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S h,e oxygen breathing apparllu, L tI ace mask proided with a

l-contamned ox gen suppl whi,..h is suitable against ani. air

hlm/ard: and

* A face mask or hood with external air supply thle mask is fed by
hose and from a clean air source (bottle or compressor) and the
wearer is constrained to move near this source. It the bottle is

small enough. as in a SCUBA unit, the equipment is self-contained
and analogous to the oxygen breathing apparatus.

In some forms, these masks take the shape of complete helmets. In many
instances, where both breathing protection and splash or mechanical protection is

required, such a combined form of helmet serves both functions.

In the more hazardous cases, for example where ingestion. or breathing, or
skin contact may be harmful, tile protective devices take the shape of entire air
and vapor-tight suits. The various pieces of clothing are joined by tight seals and
topped by some form of helmet with a clean air or oxygen supply. In many
instances, such complete enclosure of the body may bring about requirement for
either heating or cooling, in addition to a supply of breathing air.

The most common safety equipments are the hard hat and the safety glasses.
Most of tile heavy industries and construction industries require use of these two
items in all situations, except office work or other limited indoor activity.

Similarly, both the military and civilian government agencies require such mini-
mum equipment for industrial activities where other specialized equipment is not
required. It is recommended that these items be supplied in all instances where

heavy items are handled, such as in the cour-' of the various response actions and

in use of th : equipment that goes with them.

An entirely different group of safety devices is the class of instruments or
equipment used to determine hazards or identify particular substances. Several

groups of equipment exist:

* The oxygen-level devices - such as a safety lamp which indicates
only oxygen level but not toxicity or explosiveness;

* Explosimeters - which generally are applicable only to hydro-
carbon vapors; and

" "Sniffers" - which sample contaminated air against specific
reaction substances to identify the contaminant. Over 100 dif-
ferent reactions (contaminants) can be tested.
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Outside of a laboratt, in which (alrtic or .Ve('trographic methods of
ei'ahation can be used. there is n1o quick and simple field methodfor identliig a
hazardous chemical. It is highl re'commended that, except for ge'neral classifica-
tiontt by )hysical characteristics, no timne be wasted in attempting to acquire and
use such field methods. Instead, it would be more fruitful to work from the other
end of the problem, namel. from the shipper, transportation agency, consignee,
and the documentation going with the shipment.

Protective personal equipment is widespread in use and widespread in avail-
ability. Safety equipment available to federal agencies through GSA sources is
listed separately in a number of federal supply schedules. A list of typical
commercial manufacturers and suppliers is incorporated in this section of the
manual. The utilization of protective clothing and devices depends upon the
hazards of the discharged chemical as well as the degree of uncertainty as to its
true identity. Until type of hazard, strength of reactivity, and concentration or
dilution of the substance is determined, it is best to assume a worst condition.
Boat personnel initially entering the area for sampling purposes should be
equipped with complete protection: eyes, face, hands, body, and feet. They well
may become saturated with the contaminated water during the process of taking
the samples. However, when the exact nature of the chemical and its strength
have been determined from the sampling process, then the protective device and
clothing requirements may be relaxed to appropriate levels.

The utilization of protective clothing must be adapted to the particular
incident conditions. In general, protective clothing reduces the productivity or
activity of the wearer. Also, the entire logistics of supply, use, and disposal are
expensive. Therefore, overreaction in regard to protective clothing is nearly as
undesirable as underreaction. Except for high precautionary levels in the initial
phases of discharge response, where many unknowns exist and where rapid action
may be required despite unknown hazards, the use of protective clothing and
devices should be tailored as closely as possible to the true dangers of the
situation. The use of protective clothing is a vital response factor, and the location
and availability of commonly used personal protective equipment, such as safety
hats, gloves (general use and chemical) safety shoes, coveralls, fire and chemical
resistive suits and respirators should be known. Since discharges frequently occur
during night hours, arrangements should be made with a local supply house for a
night telephone number that will permit access to special-purpose equipment, and
equipment in quantity, during non-business hours.
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